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Section  III  Tubes  at  Work. 


The  electron  tube  rol's  up  its  sleeves,  puts  on  its  overalls,  and  goes  to  work 
to  aid  production.  The  applications  outlined  in  this  section  are  typical  of 
the  innumerable  uses  to  which  tubes  can  be  used  for  the  measurement, 
control,  or  instrumentation  of  industrial  operations,  but  they  are.  by  no  means, 
exhaustive.  All  of  the  examples  illustrated  represent  practical  industrial 
applications  whose  merit  and  utility  have  been  proven  in  actual  operation 
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to  E^lectronic  Dreaders 


This  issue  of  ELECTRONICS — largest  ever 
published — includes  125  pages  of  advertis¬ 
ing  messages  from  almost  200  manufac¬ 
turers. 

In  these  pages  is  a  wealth  of  information, 
designed  not  only  to  make  it  easier  for  you 
to  know  more  about  the  equipment  and 
material  which  you  may  need  in  your  vital 
war  work,  but  also  to  give  you  ready  and 
intelligent  information  on  the  sources  of 
supply. 

Thus,  through  this  instrument  of  communi¬ 
cation,  your  valuable  time  is  conserved. 
Keep  this  useful  issue  within  hand's  reach 
throughout  the  year.  It  will  serve  you  well. 
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A  Simple  Blueprint... with  a 
Mallory  Complete  Contact  Assembly 
...May  Save  Many  a  Flier’s  Life! 


One  of  the  principal  manufacturers  of  variable  pitch  propellers  utilizes 
electrical  contacts  to  actuate  changes  in  pitch.  The  electrical  contact 
assembly  on  this  job  has  to  be  sure-fire  ...  or  a  pilot  can  be  in  the  soup 
before  you  stop  blinking. 

Mallory  engineers  went  to  work  with  this  aircraft  propeller  manufacturer's 
designers  when  their  detailing  was  still  on  the  drafting  boards.  Together, 
Mallory  contact  specialists  and  the  aircraft  engineers  developed  a  new 
electrical  contact  assembly,  designed  for  rotary  action.  Biggest  problem 
was  abrasion  on  the  revolving  contact  surface. 

Happy  solution  came  when  Mallory  created  a  tri-metallic  contact  assembly 
incorporating  three  Mallory -developed  alloys  with  exactly  the  right  elec¬ 
trical  and  abrasion-resistant  properties. 


WHAT  ARE  NORMAL 
VALUES  OF  current 
AND  VOLTAGE  THAT 
MAKE  AND  BREAK  ? 

WHAT  IS  THE  ACTION 
OF  CONTACT...  BUTTING, 
WIPING  OR  ROTARY? 

WHAT  19  THE 
ALLOWABLE 
TEMPERATURE  RISE? 

WHAT  OVERLOAD 
CONDITIONS  MUST 
BE  SUSTAINED  ? 

WHAT  OPERATING 
LIFE  IS  EXPECTED  ? 


Data  At  Your  Elbow!  Mallory  Contact  Catalog. 

Complete  information  on  every  phase  of  electrical 
contact  selection,  design  and  service.  You  need  it 
for  your  technical  library.  W rite  today.  No  obligation. 


This  example  of  Mallory’s  complete  contact  assembly  service  can  mean 
plenty  to  you  ...  if  you’re  planning  production  of  almost 
any  electrically -actuated  device.  See  us  before  you  finish  your 
blueprints.  Your  Mallory  representative  is  "on  call”. 


P.  R.  MALLORT  A  CO.,  Inc.,  INDIANAPOLIS,  INDIANA  •  Cable  Address  —  PELMALLO 
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ELECTRICAL  CONTACTS  AND  CONTACT  ASSEMBLIES 
NON  FERROUS  ALLOYS,  POWDERED  METAL  ALLOYS 


f 


.  r.,n,ent  also  appeared 

This  T/MES 

rOR^  I  ^  nf  ALER 
CLEVELASl^  y  SEWS 

CHICAGO  .  pf^fSS 

%Zm^<^rol  rosT 


You  Expected 
to  Read  This 
NEXT  YEAR! 


Xndustry  after  Industry  is  beating  its 
promise  as  America’s  war  production  sets 
new  world’s  records  .  .  .  Management, 
labor,  W.  P.  B.,  Army,  Navy,  the  Maritime 
Commission  and  other  government  depart¬ 
ments  are  cooperating  to  make  next  year’s 
headlines  come  true  THIS  year. 

In  W  orld  W'ar  I,  the  Kaiser  feared  American 
manpower.  In  W’orld  W  ar  II,  Hitler  is  even  more 
fearful  of  our  rapid  transition  from  peace  to  war 
production.  .  .  .  He  has  reason  to  he  afraid. 

Printing  press  factories  are  exceeding  quotas 
on  anti-aircraft  gun  parts. 

Spark  plug  manufacturers  are  setting  new 
speed  records  in  machine  gun  production. 

The  heavy-transportation  industry  is  making 
giant  chassis  for  big  guns  at  a  faster  rate  than  all 
the  Axis  powers  combined. 


In  this  industry,  men  who  used  to  make  loco¬ 
motives  and  tractors  are  changing  "Too  Little 
and  too  Late"  to  read  "Too  Much  and  too 
Soon,"  from  the  enemy’s  viewpoint. 

Starting  just  a  few  months  ago,  with  a  bale  of 
blueprints  and  a  knowledge  of  how  to  build  such 
things  as  road-scrapers,  power-shovels  and  trucks, 
the  heavy-transportation  industry  is  turning  out 
mobile  artillery  that  will  shake  the  earth  in  more 
than  a  literal  sense. 


The  story  of  how  this  industry  joined  the  army 
carries  a  signihcance  which  should  be  understood 
and  remembered. 

The  significance  is  that  America  has  solved  the 
problem  of  exchanging  production  techniques  between 
specialized  industries.  This  process  went  on  unnoticed 
in  peacetime,  ff'ar  gave  it  prominence. 
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You  Expected  to  Read  This  NEXT  YEAR! — continued 


^When  the  bales  of  blueprints  were  first  deliv 
ered,  and  the  heavy-transportation  industry  started 
on  its  job  of  producing  prime-movers  and  chassis 
for  big  guns  in  quantity,  new  production  tech¬ 
niques  were  needed  in  a  hurry. 

^Here  are  some  of  the  questions  that  arose: 

’'How  do  you  weld  such  heavy  sub-assem¬ 
blies?” 

"What  welding  fixtures  will  handle  these 
parts  so  that  our  workmen  can  always  weld 
down-hand?” 

”How  can  we  make  these  long,  heavy  welds 
and  have  sound  metal  from  one  end  to  the 
other?” 

"What’s  the  best  technique  for  testing 
welded  parts?  Shall  we  x-ray,  or  use  the 
magnaflux  process?” 

"What’s  the  best  way  to  support  these 
welded  assemblies  for  machining?” 

That’s  just  a  few  of  the  thousands  of  questions 
that  arose  in  the  minds  of  experienced  men  when 
they  had  to  solve  new  problems. 

They  illustrate  the  fact  that  American  produc¬ 
tion  methods  depend  upon  specialized  techniques 
and  machines. 

Each  man  with  such  a  problem  knew  that  some¬ 
one,  somewhere,  had  solved  his  problem,  or 
might  solve  it  before  he  could  work  out  his  own 
answer. 


90%  of  the  time  of  McGraw-Hill’s  153  editors 
and  725  engineer-correspondents  is  devoted  either 
to  visiting  war-production  plants  (to  study  pro¬ 
duction  techniques)  or  in  writing  "war  stories” 
on  how  production  problems  were  solved. 

"Know-how”  is  the  secret  of  the  amazing 
records  now  being  made  by  American  Industry. 
And  "know-how”  comes  from  thousands  of 
"little  facts”  like  this: 

Information  on  tool  shapes  for  cutting  the  harder 
steels  of  war  is  xntal  literature  to  the  engineer,  de¬ 
signer  or  production  man  with  the  particular  problem 
of  cutting  those  steels  confronting  him. 

The  industrial  editor  does  not  work  alone  in 
giving  vital  information  to  men  on  the  production 
line.  In  much  the  same  way,  manufacturers  are 
war-converting  their  industrial  advertising  to 
show  their  readers  how  to  use  their  products 
more  effectively.  For  instance: 

A  business-paper  advertisement  showing  how  to 
make  old  taps  and  dies  last  longer  has  no  glamour  for 
anyone  but  the  man  who  must  rush  production  with 
an  inadequate  supply  of  new  ones.  To  him  it  has  enough 
oomph"  to  be  clipped  and  placed  on  his  office  wall. 

To  the  casual  observer,  the  Industrial  Press  is 
about  as  exciting  as  the  rows  of  wires  that  stretch 
along  every  road  and  railway.  .  .  .  The  simile  is 
very  apt.  Both  exist  solely  for  the  interchange  of 
ideas.  Both  are  typically  American  in  the  extent 
to  which  they  have  been  developed  and  applied  to 
the  whole  economy.  .  .  .  This  advertisement  pub¬ 
lished  by  the  McGraw-Hill  Network  of  Industrial 

Therefore  he  turned  to  the  source  of  industrial  Communication. 
information  he  had  always  used  when  he  wanted 
to  know  what  others  were  doing . . .  his  industrial 
magazine. 

Ever  since  the  Maginot  Line  was  flanked,  the  In¬ 
dustrial  Press  of  America  has  been  helping  rookie 
industries  to  become  veterans  in  the  battle  of  war 
production. 

^It  doesn’t  do  this  by  exhortation  or  command, 
but  by  answering  thousands  of  specific  questions. 

Just  as  newspapers  keep  their  war  correspon¬ 
dents  at  the  front,  Industrial  Magazines  keep 
their  "war-production-correspondents”  in  the 
plants  where  weapons  and  equipment  are  made. 

McGraw-Hill  editors  are  mobilized  for  war  as 
literally  as  though  they  were  firing  weapons 
instead  of  helping  to  produce  them.  More  than 
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The  electron  tube  is  one  of  the  most  versatile 
and  flexible  man  has  produced.  In  communi¬ 
cation  it  performs  duties  impossible  for  any  other 
mechanism.  In  industry  it  saves  time,  it  saves  in 
the  cost  of  things,  it  protects  life  and  property. 
The  tube  does  many  things  better,  cheaper, 
quicker  than  older  devices.  Many  industrial  fobs 
are  performed  by  the  tube  which  cannot  be  done 
in  other  ways.  In  wartime,  the  speed-up  of  pro¬ 
duction  made  possible  by  the  electron  tube  may 
prove  to  be  its  greatest  contribution.  Tubes  have 
gone  into  overalls. 

It  is  impossible  to  give  examples  of  all  of  the 
things  tube  can  do  within  the  confines  of  a  single 
issue  of  ELECTRONICS.  The  applications  de¬ 
scribed  are  typical,  and  the  selection  is  designed 
to  show  not  only  the  ingenuity  of  engineers  work¬ 
ing  with  tubes  but  the  versatility  and  flexibility 
of  these  devices  whose  motivating  force  is  the 
ultimate  building  block  of  the  universe  itself — 
the  electron. 
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In  this  tabular  classiiicatlon  oi  electron  tubes  suitable  ior  indiutrial  purposes  the  graphical  symbol  fcr  the  type  of  tube  in  question  is  used  to 
designate  the  customary  or  possible  uses  to  which  the  tube  is  put.  Tubes  having  electrical  energy  in  both  input  and  output  circuits  may 
be  regarded  as  impedances,  while  those  in  which  the  input  or  output  is  radiant  energy  may  be  regarded  as  energy  converters 


Industrial  Tube  Characteristics 


OF  all  methods  of  controlling 
energy,  that  afforded  by  the 
use  of  electron  tubes  is  one  of  the 
most  convenient  and  effective. 

The  advantages  of  control  through 
the  use  of  electron  tubes  may  be 
summarized  as  follows:  (1)  There 
is  a  wide  variety  of  energy  trans¬ 
forming  devices  w’hose  output  is  ca¬ 
pable  of  being  associated  with  elec¬ 
tron  tubes.  (2)  The  electrical  power 
output  of  an  electron  tube  is  ca¬ 
pable  of  minute  and  complete  control 
through  the  employment  of  a  control 
element  usually  called  a  grid.  (3) 
By  coupling  the  appropriate  energy 
converter  to  a  tube,  one  form  of 
energy  may  be  transformed  into  an 
electrical  voltage  or  current  which 
can  then  be  very  easily  and  con¬ 
veniently  modified  in  almost  any  con¬ 
ceivable  manner.  (4)  Through  use 
of  the  electron  tube  the  expenditure 
of  a  minute  amount  of  control  power 
may  effect  the  control  of  a  very  con¬ 
siderable  amount  of  power  in  the 
output  circuit  because  of  the  ampli¬ 
fying  properties  of  the  tube.  (5) 
Through  the  appropriate  energy  con¬ 
verting  device  in  the  output  circuit 
of  an  electron  tube,  the  controlled 
electrical  energy  may  be  reconverted 
into  other  forms  of  energy  for  the 
measurement,  detection,  indication, 
or  control  of  certain  physical,  chemi¬ 
cal,  or  other  properties.  (6)  The 
control  afforded  through  the  use  of 
a  vacuum  tube  is  of  a  flexibility  and 
convenience  not  approached  by  any 
other  control  mechanism.  (7)  For 
many  applications  and  in  many  fields 
of  endeavor,  the  availability  of  tubes 
with  extremely  high  input  impedance 
is  a  decided  advantage.  (8)  The 
availability  of  tubes  to  handle  pow¬ 
ers  from  the  smallest  up  to  hundreds 
of  kilowatts,  enables  the  advantages 
of  electron  tube  control  equipment 
to  be  applied  to  the  power,  industrial, 
or  communications  fields  with  equal 
facility.  (9)  With  proper  design, 
installation,  and  maintenance,  elec¬ 
tron  tubes  make  a  stable,  rugged, 
flexible  and  convenient  device  of  long 
useful  life.  (10)  Certain  types  of 
tubes  are  available  in  which  one  form 


of  energy  may  be  directly  converted 
into  another  form.  Thus,  phototubes 
convert  light  into  an  electrical  cur¬ 
rent  and  conversely  cathode-ray  tubes 
convert  electrical  current  into  varia¬ 
tions  of  light.  Through  the  use  of 
such  tubes,  vast  opportunities  are 
opened  up  for  the  industrial  uses  of 
electron  tubes.  (11)  Finally,  the 
unique  properties  of  the  electron 
tube  enable  it  to  perform  a  wide 
variety  of  functions,  all  of  which 
are  extremely  useful.  For  e.xample, 
the  tube  may  operate  in  the  follow¬ 
ing  manner: 

(a)  As  an  amplifier,  over  a  wide 
range  of  frequency  and  power. 

(b)  As  an  oscillator  or.  generator 
of  voltage  over  a  wide  range  of  fre¬ 
quency,  power  and  waveform. 

(c)  As  a  trigger  or  relay  circuit 
or  switch. 

(d)  As  a  modulator  or  demodula¬ 
tor  to  combine  or  to  separate  tw’o  or 
more  frequencies. 

(e)  As  a  measuring  instrument, 
indicator,  or  comparator. 

(f)  As  a  rectifier  or  inverter  over 
a  very  wide  range  of  frequencies, 
currents,  or  power. 

(g)  As  a  frequency  converter  to 
change  from  one  frequency  to  an¬ 
other. 

(h)  As  a  visual  indicator  or  image¬ 
forming  device  as  in  the  electron 
microscope  or  the  television  camera 
or  projecting  tube. 

All  of  these  advantages  and  opera¬ 
tions  cannot  be  obtained  in  a  single 
tube.  Instead,  a  very  great  number 
of  tube  types  in  various  classifica¬ 
tions  according  to  mode  of  opera¬ 
tion  are  commercially  available.  Fur- 
therfore,  to  make  an  appropriate 
selection  from  the  tubes  already 
available,  and  to  utilize  the  tubes 
advantageously,  some  knowledge  of 
the  method  of  operation  and  the 
characteristics  of  the  most  suitable 
tubes  is  necessary. 

Types  of  Electron  Tubes 

The  many  types  of  tubes  available 
for  industrial  service  may  be  classi¬ 
fied  according  to:  (1)  the  type  of 


control  stimulus  which  causes  them 
to  perform  the  industrial  job  to 
which  they  are  assigned,  (2)  the 
phenomena  occurring  within  the  tube 
itself,  (3)  the  method  of  operation, 
or  (4)  the  number  of  internal  ele¬ 
ments  or  electrodes. 

Under  the  first  method  of  classifi¬ 
cation,  most  tubes  may  be  regarded 
simply  as  electrical  impedances  in 
which  a  voltage  and  current  are  ap¬ 
plied  to  the  input  terminals  and  a 
voltage  and  current  are  obtained 
from  the  output.  Another  common 
type  of  tube  is  that  which  also  acts 
as  an  energy  converter.  The  photo¬ 
tube,  for  example,  converts  radiant 
energy  into  electrical  energy,  while 
the  cathode-ray  tube  converts  electri¬ 
cal  energy  into  light. 

In  the  second  classification,  we 
may  have  vacuum  tubes  providing 
smooth  instantaneous  control  of  out¬ 
put,  or  gaseous  tubes  providing  con¬ 
trol  of  the  average  (but  not  instan¬ 
taneous)  value  of  the  output  power. 
We  may  have  two  electrode  tubes  or 
rectifiers  in  which  the  useful  power 
output  is  ahvaj's  less  than  the  input. 
We  may  also  have  control  tubes  or 
multi-element  tubes,  in  which  the 
useful  output  is  greater  than  the 
input  control  power,  the  power 
sources  connected  to  the  tube  ac¬ 
counting  for  the  difference. 

The  classification  according  to 
method  of  operation  is  largely  as¬ 
sociated  w’ith  the  use  of  the  tube 
and  w’ill  be  treated  in  Section  II. 
Tubes  are  commonly  classified  ac¬ 
cording  to  the  number  of  electrodes. 
Depending  upon  whether  they  have 
tw’o,  three,  four,  or  five  electrodes 
they  are  known  as  diodes,  triodes, 
tetrodes  or  pentodes.  Two  element 
tubes  may  be  regarded  as  two  ter¬ 
minal  networks.  All  commonly  used 
multi-element  tubes  in  which  a  vary¬ 
ing  signal  is  impressed  on  only  one 
grid,  may  be  thought  of  as  equivalent 
to  a  rather  special  kind  of  four  ter¬ 
minal  T  or  Y  netw’ork,  which  can 
be  analyzed  by  studying  the  input 
and  output  current  and  voltage  rela¬ 
tionships. 

To  obtain  a  picture  of  the  funda- 
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I  June  i 942  — ELECTRONICS 


mentals  of  operation,  it  is  desirable 
to  classify  tubes  according  to  the 
phenomena  which  makes  them  work. 

Fundameiital  Operations  of  Control 
Tubes 

All  control  tubes  consist  of  at 
least  three  elements:  (1)  A  source 
of  the  electrons  (or  ions),  usually 
produced  by  the  cathode,  which  per¬ 
mits  conduction  of  an  electric  cur¬ 
rent  through  the  tube;  (2)  an  elec¬ 
trode  (plate  or  anode)  to  collect 
the  electrons  (or  ions)  within  the 
evacuated  space  of  the  tube ;  and  purpose  is  to  investigate  the  proper-  negative  with  respect  to  A„  the  input 
(3)  control  elements  or  modifying  ties  of  the  device  in  this  box  in  terms  current  (and  therefore  the  input 
arrangements  (grid)  almost  always  of  external  conditions  which  we  can  power)  is  negligible.  Therefore  we 
located  in  the-  space  between  the  easily  measure  with  electrical  in-  can  state  that  the  input  impedance 
source  of  electrons  and  the  collector  struments.  of  the  box  is  very  high.  (2)  Some 

and  whose  purpose  is  to  modify  the  The  three  sets  of  terminals  are  current  flows  in  the  output  circuit 
flow  of  current  in  some  manner  in  labelled  input,  output  and  heater.  The  if  terminal  Bt  is  positive  with  re¬ 
accordance  with  the  voltage  on  this  heater  terminals  must  be  connected  spect  to  No  current  flows  if  this 
control  element.  The  cathode  (which  to  a  battery  of  proper  voltage.  The  in-  polarity  is  reversed.  (3)  For  a  given 
supplies  the  electrons)  and  the  con-  struction  book  with  the  black  box  resistor  and  battery  voltage  Ep, 
trol  element  form  the  input  ter-  states  that  a  battery  must  be  placed  the  plate  current,  /»,  is  a  function  of 
minals  whereas  the  cathode  and  the  in  series  with  the  output  circuit  and  input  voltage,  E^.  Over  a  certain 
collector  form  the  output  terminals  another  in  series  with  the  input  range,  this  relationship  is  more  or 
of  the  tube,  as  usually  used.  Two-  circuit.  less  linear  but  in  general,  the  re¬ 
element  tubes  do  not  have  the  con-  If  the  box  is  connected  as  shown  lationship  is  not  linear.  (4)  For  a 

trol  element.  in  Fig.  1  and  we  attach  to  it  certain  given  input  voltage,  £*„  and  load 

Let  us  assume  that  we  have  the  meters  as  indicated  we  are  in  a  posi-  resistor  R^,  the  output  current  de- 
most  common  type  of  control  vac-  tion  to  learn  all  we  want  to  know  pends  upon  the  voltage  Ep.  The  volt- 
uum  tube  securely  locked  up  in  a  about  its  d-c  or  static  characteristics,  age  between  B,  and  B*  is  not  Ep  but 
black  box  with  a  number  of  ter-  All  we  have  to  do  is  to  vary  the  Ep—hRp  since  a  voltage  drop  oc- 
minals  marked  on  it.  Beyond  the  polarity  and  magnitude  of  the  volt-  curs  across  Rp.  The  plot  of  current, 
markings  on  these  three  pairs  of  ages  and  Ep  and  measure  the  /»,  against  voltage,  B»,  is  an  S-shaped 
terminals,  we  do  not  care  at  all,  for  resulting  input  and  output  currents,  curve  in  the  majority  of  cases.  (5) 
the  moment,  as  to  the  nature  of  the  We  shall  find  that:  (1)  For  all  For  constant  values  of  B,  and  B», 

contents  of  the  box.  Our  primary  voltages  B*  for  which  terminal  A,  is  the  current  in  the  output,  /*,  is  a 
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Fig.  1 — Schematic  wiring  diagram  lor  determining  the  input,  output, 
and  tronefer  characteristics  oi  electron  tube  contained  in  the  black  box 


function  of  the  load  resistance,  /2*. 
(6)  Even  a  casual  examination  shows 
that  the  output  current  /»,  is  tre¬ 
mendously  greater  than  the  input 
current,  and  from  this  we  infer  that 
the  box  may  be  used  as  a  current 
amplifier.  (7)  Voltage  variations 
applied  to  the  input  result  in  a  very 
much  larger  variation  in  voltage  in 
the  output  and  measured  by  El.  From 
this,  we  conclude  that  the  tube  in 
the  box  may  be  used  as  a  voltage 
amplifier.  (8)  From  the  last  two 
statements,  we  conclude  that  the  tube 
may  be  used  as  a  power  amplifier, 
since  the  input  voltage  and  current 
of  minute  quantities  are  capable  of 
controlling  a  very  much  larger 
amount  of  voltage  and  current  in 
the  output  circuit.  (9)  We  note, 
however,  that  the  polarity  of  the 
output  voltage  across  the  resistor  is 
opposite  from  that  of  the  polarity 
of  the  input  voltages  and  accordingly, 
we  conclude  that  the  tube  operates 
as  a  180  deg.  phase  shifting  network 
for  resistive  loads.  (10)  Electrically 
we  can  regard  the  black  box  as  an 
impedance,  but  we  note  that  we  must 
supply  sources  of  power  to  this  im¬ 
pedance  for  otherwise  it  will  not 
function  properly.  In  this  respect 
the  black  box  differs  from  a  trans¬ 
former  in  which  sources  of  power 
external  to  that  being  transferred 
are  not  required  to  effect  the  neces¬ 
sary  control  or  transformation.  (11) 
By  careful  examination  of  our  data, 
we  conclude  that  the  box  is,  in  gen¬ 


eral,  a  non-linear  device,  but  that 
under  certain  conditions  of  opera¬ 
tion,  the  relationship  between  input 
and  output  may  be  made  linear. 
(12)  If  we  were  to  add  an  alternat¬ 
ing  voltage  in  series  with  the  steady 
or  d-c  input  voltage,  we  would  meas¬ 
ure  alternating  currents  and  voltages 
in  the  output  circuit  which  are  mag¬ 
nified  replicas  of  their  input. 

If  we  make  a  graphical  plot  of  the 
d-c  voltages  and  currents  in  the  in¬ 
put  and  output  circuits,  with  the 
plate  resistor  short  circuited,  w'e  ob¬ 
tain  the  d-c  or  static  characteris¬ 
tics  of  the  tube.  The  shape  of  these 
curves  will  depend  upon  the  type  of 
tube  contained  in  the  box,  but  the 
essential  concepts  of  tube  operation 
apply  no  matter  what  the  curve 


Fiq.  4 — Bridge  circuit  for  measuring  plate 
resistance  ior  selected  grid  and  plate  op¬ 
erating  Toltages.  E,  and  E» 


shape.  Typical  characteristics  for  a 
triode  and  for  a  pentode  are  shown 
in  Figs.  2  and  3.  These  static  char¬ 
acteristics  ‘suffice  to  give  us  all  the 
important  information  we  need  to 
know  concerning  tube  operation,  for 
from  them  we  can  obtain  knowl¬ 
edge  of:  (1)  the  important  tube 
parameters,  amplification  factor,  /i, 
plate  resistance,  r„  and  transconduc¬ 
tance,  g„,  (2)  the  required  d-c  op¬ 
erating  voltages  for  desired  opera¬ 
tion  of  the  tube,  (3)  the  mode  of  op¬ 
eration  of  the  tube  with  any  kind  of 
load  in  its  output  circuit,  and  (4) 
the  mode  of  operation  of  the  tube 
with  any  kind  of  time-varying  input 
signal  applied  to  the  grid  or  input. 

Operating  Coefficients  for  Vacuum 
Tubes 

Since  the  plate  current  is  a  func¬ 
tion  of  the  plate  voltage,  even  if  the 
load  resistance,  of  Fig.  1,  is  short 
circuited,  the  plate  circuit  must  have 
some  internal  resistance.  Its  d-c  re¬ 
sistance  may  be  determined  from 
Ohm’s  law,  but  this  value  is  seldom 
of  any  use  to  the  designer  and  will 
not  be  found  in  manufacturers’ 
literature.  The  resistance  for  small 
changes  of  plate  voltage,  and  with 
the  grid  voltage  maintained  con¬ 
stant,  is  very  important.  It  may  be 
measured  by  the  circuit  of  Fig.  4, 
for  the  operating  voltages  E,  and 
E,„  since  the  cathode-plate  circuit 
takes  the  place  of  the  unknown  re- 


At  Ip  =  Ip'  J  E.  *E.', 


At  Ip  =  Ip'i  i  Ec', 


At  E.  =  Eb';  Ec  -Ec' 
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Fig.  3 — Output  and  trontier  characteriitics  of  electron  ttibe  haying  characteristic!  of  a  pentode.  Graphicol  methods  of 
determining  plate  resistance,  transconductance,  gn,  and  amplification  factor,  M,  are  giyen  at  A.  B.  and  C  respectiyely 
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Fl9>  S — Ciraiit  for  m*asuring  tremscon* 
ductanc*  ior  grid  and  plat*  operating 
▼oltages.  Ee  and  £».  respectiTely 

I 

sistor  in  one  arm  of  the  a-c  Wheat¬ 
stone  bridge.  In  general,  a  different 
value  of  plate  resistance  is  obtained 
for  each  new  value  of  Ec  and  Et,  so 
these  operating  voltages  should  be 
specified  when  the  plate  resistance, 
r„  is  measured. 

The  plate  resistance  is  defined  as 
the  ratio  of  the  change  in  plate  volt¬ 
age  to  the  corresponding  change  in 
plate  current  produced,  all  other  volt¬ 
ages  being  maintained  constant.  The 
mathematical  definition  is  given  in 
Fig.  2A  and  3A  which  also  shows 
that  the  plate  resistance  at  any  oper¬ 
ating  point  specified  by  the  dashed 
lines,  may  be  determined  from  the 
inverse  slope  of  the  Et-I,  character¬ 
istic  at  this  point.  (This  is,  of  course, 
measured  in  terms  of  voltage  and 
current  changes  as  measured  on  the 
graph,  and  not  by  measuring  angles 
with  a  protractor.) 


For  a  fixed  value  of  plate  voltage, 
the  plate  current  is  a  function  of  the 
grid  voltage,  and  it  is  convenient  to 
have  a  tube  factor,  which  designates 
the  ability  of  the  grid  to  control  the 
plate  current.  This  term,  called  the 
transconductance  (formerly  called 
mutual  conductance)  may  be  meas¬ 
ured  by  the  circuit  of  Fig.  5.  It  is 
defined  as  the  ratio  of  the  change  in 
plate  current  to  the  change  in  grid 
voltage  causing  it,  under  the  condi- 
tfbn  that  all  other  electrode  voltages 
renriTain  constant.  As  shown  in  Figs. 
2B'‘and  3B,  the  transconductance  is 
measured  by  the  inverse  slope  of  the 
Ec-I,  curve,  at  the  point  of  the  char¬ 
acteristic  determined  by  the  operat¬ 
ing  voltages  (shown  by  the  dashed 
lines).  The  unit  of  transconductance 
is  the  mho  or  reciprocal  ohm,  al¬ 
though  the  terms  milliamperes-per- 
volt  and  micromho  are  also  employed, 
since  they  are  more  convenient  sub¬ 
multiples  of  the  mho. 

Finally,  we  may  determine  the 
relative  effect  of  the  grid  and  plate 
voltages  upon  the  plate  current.  This 
is  the  slope  of  the  constant-current 
curves  of  Figs.  2C  and  3C,  is  called 
the  amplification  factor,  and  is  des¬ 
ignated  by  the  Greek  letter  /i.  The 
amplification  factor  may  be  meas¬ 
ured  with  the  circuit  of  Fig.  6,  or  it 
may  be  determined  graphically,  as 
indicated  in  Figs.  2C  and  3C.  The 
amplification  factor  is  a  numeric, 
having  no  dimensions;  it  is  merely  a 
voltage  ratio. 


Dg.  6 — Simple  bridge  circuit  for  meaiur- 
ing  amplification  factor  for  grid  and  plate 
.jpeiating  Toltages,  Ec  and  Et 

An  interesting  relation  ddnwects 
these  three  tube  coefficients.'lfiar 

Qn.  =  ti/r, 

r,  = 

Consequently,  if  we  know  the  values 
of  any  two  at  the  same  operating 
voltages,  we  can  easily  calculate  the 
value  of  the  third  at  the  same  oper¬ 
ating  conditions.  Tubes  may  have 
values  of  /x  from  3. to  several  thous¬ 
and  (values  of  10  for  triodes  and 
800  for  pentodes  are  typical) ;  values 
of  transconductance  from  .  500  to 
10,000  micromhos,  with  1,500  mi¬ 
cromhos  a  typical  value;  and  values 
of  plate  resistance  from  500  ohms  to 
100,000  ohms  for  triodes  and  up  to 
several  megohms  for  pentodes.  Table 
I  shows  operating  characteristics  for 
a  few  typical  vacuum  tubes. 


TABLE  I  — OPERATING  CHARAirTERISTICS  OF  TYPICAL  VACUUM  TI  RES 
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*  Depends  upon  method  of  operation 
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Characteristics  of 
Gaseous  Tubes 

If  we  proceed  in  the  manner  al¬ 
ready  outlined  to  study  the  charac¬ 
teristics  of  gas  tubes,  we  shall  obtain 
results  which  at  first  appear  to  be 
somewhat  erratic  but  which  are, 
none  the  less,  subject  to  an  orderly 
and  systematic  classification. 

If  we  have  a  two.-element  tube  (i.e.  . 
not  a  control  tube)  in  a  blue  box  the 
input  terminals  can  be  short  cir¬ 
cuited  and  we  can  obtain  all  of  the 
information  we  desire  from  a  study 
of  the  output  voltage  and  current. 

For  low  values  of  plate  voltage  Ei, 
any  current  which  flows  at  all  is 
measured  in  microamperes  or  at 
most  a  very  few  milliaitiper-es.  As 
Et  is  increased,  a  critical  value  is  ob¬ 
tained  at  perhaps  10  to  25  volts  be¬ 
yond  which  the  current  suddenly 
rises  to  a  rather  high  and  constant 
value  determined  by  the  external  re¬ 
sistance  /?*  and  the  voltage  E^,  ac¬ 
cording  to  Ohm’s  law.  Increasing 
the  voltage  beyond  the  critical  value 
will  increase  the  current  as  calcu¬ 
lated  on  the  basis  of  Ohm’s  law,  tak¬ 
ing  account  only  of  the  resistor 
and  neglecting  the  tube  resistance. 
On  the  basis  of  this  operation  we 
conclude  that,  aft^r  the  critical  volt¬ 
age  has  been  reached  or  exceeded,  the 
internal  resistance  of  the  gas  tube 
had  suddenly  decreased  to  an  ex¬ 
tremely  small  value  from  its  previous 
value  of  several  hundred  or  several 
thousands  of  ohms.  The  relatively 
large  current  will  continue  to  flow  in 
Rt  until  is  reduced  to  a  fairly  low 
value,  when  the  current  will  sud¬ 
denly  decrea.se  to  a  negligible  value. 

This  operation  of  a  two-element 
tube  indicates  that  it  can  be  used  as 
a  voltage  control  switch.  The  smooth 
type  of  voltage-current  control  pos¬ 
sible  with  vacuum  tubes  has  now  been 
lost  and  for  most  practical  purposes 
the  tube  can  be  usec^to  conduct  cur¬ 
rent  on  an  all-or-nothing  basis. 

If  we  place  a  control  type  of  gas 
tube  in  a  blue  box  with  the  grid  and 
cathode  connected  to  the  input 
terminals  and  the  plate  or  anode  and 
cathode  connected  to  the  output 
terminals,  the  operation  becomes 
more  complicated.  Let  us  apply 
steady  voltages  to  the  input  and  out¬ 
put  circuits  and  measure  the  input 
and  output  currents  as  these  voltages 
are  varied.  Again,  at  a  given  grid 
voltage  the  tube  suddenly  conducts 
at  some  critical  value  of  positive 


plate  voltage.  Likewise,  for  a  given 
positive  plate  voltage,  the  tube  sud¬ 
denly  conducts  at  .some  critical  grid 
voltage.  The  breakdown  now  de¬ 
pends  not  only  upon  the  magnitude 
of  the  plate  voltage  but  also  upon 
the  magnitude  of  the  grid  or  input 
voltage.  Over  a  considerable  range 
of  values  the  critical  grid  voltage 
which  initiates  conduction  is  some 
fairly  definite  fraction  of  the  applied 
plate  voltage.  This  critical  grid  volt¬ 
age  may  be  either  positive  or  nega¬ 
tive,  depending  upon  the  type  of  tube 
within  the  box.  It  will  also  be  ob¬ 
served  when  the  plate  circuit  of  the 
tube  becomes  conducting  that  there 
is  also  a  relatively  large  input  or 
grid  current  flowing,  even  though 
the  grid  of  the  device  is  negative. 


Fig.  7 — Voltage  control  characteristics  for 
gaseous  control  tube,  for  two  different 
operoting  temperatures,  T,  and  Ti 


Thus,  before  the  critical  grid  voltage 
is  reached  the  input  resistance  of 
the  tube  may  be  fairly  high  but  be¬ 
yond  the  critical  grid  voltage  it  be¬ 
comes  relatively  low.  Thus,  the 
“switch  action’’  observed  in  the  out¬ 
put  circuit  is  also  apparent  in  the 
input  circuit  and  it  will  be  observed 
that  both  input  and  output  current 
increa.se  simultaneously.  If  the  tube 
contains  mercury  vapor,  it  will  be 
found  that  the  critical  grid  and  plate 
voltages  also  depend  somewhat  upon 
the  temperature  at  which  the  tube  is 
( perated. 

It  is  convenient  to  plot  the  grid 
and  plate  voltages  for  the  condition 
at  which  the  tube  suddenly  becomes 
conducting.  Such  a  .set  of  curves 
(Fig.  7),  divides  the  tube  character¬ 
istics  into  two  es.sential  regions.  For 
those  conditions  of  voltage  occurring 
to  the  left  of  curve,  the  tube  is  non¬ 
conducting  and  no  appreciable  cur¬ 


rent  will  flow  through  it.  On  the 
other  hand,  if  the  voltages  occur  to 
the  right  of  the  curve,  the  tube  be¬ 
comes  conducting  and  passes  a  cur¬ 
rent  which  is  limited  only  by  the 
external  load  and  by  the  ability  of 
the  cathode  to  supply  electrons.  Thus. 
Fig.  7  may  be  regarded  as  a  type  of 
“trigger  diagram’’  to  indicate  the 
conditions  under  which  the  tube  con¬ 
ducts.  Once  the  gas  within  the  tube 
becomes  conducting  the  grid  loses 
control  and  the  tube  can  in  general, 
be  made  non-conducting  only  by  re¬ 
moval  of  plate  voltage.  The  region 
between  the  various  curves  depends 
upon  the  ambient  temperature  of  the 
tube  surroundings. 

For  an  appreciable  portion  of  the 
curve  of  Fig.  7,  a  linear  relation  ex¬ 
ists  between  the  grid  and  plate  volt¬ 
ages  which  produce  breakdown.  For 
a  given  temperature,  the  ratio  of  the 
plate  voltage  to  the  grid  voltage  re¬ 
quired  to  initiate  ionization  is  called 
the  control  factor.  It  is  analogous  to 
the  amplification  factor  in  the  high 
vacuum  grid  tube,  and  is  determined 
in  much  the  same  way.  For  gas¬ 
eous  conduction  tubes  there  are  no 
significant  coefficients  analogous  to 
the  tran'^conductance  and  plate  re¬ 
sistance  of  the  vacuum  tube. 

When  the  gas  within  the  tubes  be¬ 
comes  ionized  ga.seous  tubes  have 
much  lower  internal  resistance  than 
vacuum  tubes.  Consequently  greater 
currents  may  be  passed  through 
them  than  through  vacuum  tubes  of 
equivalent  structure.  However,  for 
gas  or  vapor  tubes  having  pressures 
of  a  fraction  of  a  millimeter,  the 
maximum  obtainable  current  is  equal 
to  the  current  which  the  cathode  can 
supply.  On  the  other  hand,  tubes 
containing  gas  or  vapor  at  a  pres¬ 
sure  of  about  5  centimeters  of 
mercury  can  rectify  currents  of 
larger  magnitude  than  the  cathode 
emission  current  since  the  pressure 
of  the  gas  tends  to  prevent  exces¬ 
sively  rapid  evaporation  of  particles 
from  the  cathode.  Such  tubes  are 
suitable  for  use  only  in  low  voltage 
circuits  such  as  battery  chargers. 

In  large  industrial  rectifiers,  a 
mercury  pool  is  frequently  used  in¬ 
stead  of  a  hot  cathode,  and  conduc¬ 
tion  takes  place  by  virtue  of  a  mer¬ 
cury  arc  between  the  pool  and  the 
anodes,  of  which  two  are  required  to 
maintain  the  device  in  continuous  op¬ 
eration.  Such  mercury  vapor  recti¬ 
fiers  are  often  encased  in  metal 
tanks. 
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TABLE  II  —  OPERATING  GHARACTERISTIGS  OF  TYPK'.AL  GAS  Tl  RES 


Heater 

— -  Mu*. 


Type  No. 

Deecriptiuii 

Volt¬ 

age 

Volts 

Cur¬ 

rent 

.Amp«* 

Plate 

Peak 

Volts 

.Av. 

Plate 

Amps 

Mu*.  Peak 
Plate  .\mpH 

866 

EHoden 

Half  Wave  Re«*t. 

2  5 

5  0 

7,500 

0  25 

1  0  2.0 

869 

UR  U 

5.0 

18  0 

20,000 

2  .50 

10 

870 

U  U  U 

5.0 

65.0 

16,000 

75  0 

4.50 

WL-670 

Full  Wave  Re«'l. 

2  5 

24  0 

1,000 

9.5 

..'1  per  allude 

885 

Triodee 
Negative  (rrid 

2.5 

1.4 

350 

0  075 

0  .300 

FG-17 

U  U 

2  5 

5  0 

2, .500 

0  .50 

2  <» 

GL-414 

U  U 

5.0 

20  0 

2,000 

12  5 

100 

KU-634 

U  U 

5.0 

11  5 

7, .500 

1.25 

5.0 

KlJ-610 

Positive  Grid 

2  5 

6.5 

.500 

0.10 

0.  40 

FG-98A 

Tetrodes 
Negative  Gri«l 

2  5 

5  0 

500 

0  5 

2  (Hi 

FG-154 

u  u 

•  5.0 

7.0 

.500 

2. .50 

10  0 

FG-95 

u  u 

5.0 

4.5 

1,000 

2. 50 

15  0 

FG-172 

u  u 

5.0 

10.0 

1,000 

6.40 

40.0 

Instead  of  providing  the  source  of 
electrons  by  means  of  a  hot  cathode, 
they  may  be  provided  by  a  cold 
cathode  with  electrons  supplied  by 
field  emission.  Two  and  three  ele¬ 
ment  tubes  of  this  variety  are  avail¬ 
able.  Of  course,  such  tubes  would 
rot  require  any  cathode  heating  bat¬ 
tery  if  connected  to  the  circuit  of 
Fig.  1. 

The  igniter  principle,  long  used  in 
mercury  vapor  rectifiers,  has  been 
applied  to  the  ignitron.  The  ignitron 
is  a  gas  discharge  tube  having  a  pool 
type  cathode  in  which  an  ignition 
electrode  is  employed  to  control  the 
starting  of  the  unidirectional  cur¬ 
rent  flow  in  each  operative  cycle,  the 
igniter  electrode  initiating  the  con¬ 
ducting  arc.  The  ignitron  has  im¬ 
portant  applications  as  a  rectifier  for 
industrial  uses. 

All  gas  or  vapor  filled  tubes  are 
incapable  of  giving  instantaneous 
control  of  current,  but  are  capable  of 
controlling  the  desired  average  cur¬ 
rent.  Consequently,  they  are  given 
average  current  ratings.  Operating 
characteristics  for  several  typical 
gas  tubes  are  given  in  Table  II. 

Chciracleristics  of 
Phototubes 

Another  electron  tube  of  very 
great  industrial  use  is  the  photo¬ 
electric  tube  or  phototube.  Let  it  be 
placed  in  a  white  box.  It  has  no 
terminals  marked  heater  nor  has  it 
any  input  terminals.  It  does  have 
output  terminals  but  where  the  input 
terminal  should  be,  there  is  nothing 
but  a  piece  of  plane  glass,  or  perhaps 
a  magnifying  glass.  The  interior  of 
the  box  is  completely  dark. 


We  connect  up  the  device  as  shown 
in  Fig.  8,  duplicating  the  connection 
of  Fig.  1  so  far  as  the  output  ter¬ 
minals  are  concerned.  If  is  positive 
with  respect  to  we  find  that  a 
small  current  may  flow,  but  if  the 
polarity  is  reversed,  no  current  flows. 

A  casual  examination  of  the  char¬ 
acteristics  of  the  device  with  the 
terminal  B.  positive  with  respect  to 
Bx  results  in  values  of  output  cur¬ 
rent  which,  while  they  depend  upon 
the  value  of  the  output  voltage,  E^, 
at  first  do  not  appear  to  be  constant. 
Instead  they  appear  to  vary  more  or 
less  at  random,  even  being  subject  to 
our  proximity  to  the  white  box.  A 
closer  examination  will  show  that 
these  current  variations  are  associ¬ 
ated  with  the  amount  of  light  falling 
upon  the  glass  or  lens  of  the  input 
circuit.  By  following  out  this  line  of 
reasoning,  we  find  that  the  output 
current  is  a  function  of  the  light  in¬ 
cident  upon  the  lens.  We  have  now  a 
totally  new  type  of  device  in  which 


the  output  current  depends  upon  (1) 
the  plate  voltage,  if  the  light  inten¬ 
sity  is  constant,  or  (2)  the  light  in¬ 
tensity  if  the  plate  voltage  is  con¬ 
stant. 

Suppose  we  maintain  a  steady 
beam  of  light  on  the  lens  of  our 
white  box  and  observe  the  current 
as  the  voltage  is  changed.  Since  the 
maximum  current  which  we  can  ob¬ 
tain  is  in  the  neighborhood  of  25 
microamperes  or  so,  we  conclude  that 
the  output  of  the  device  is  of  ex¬ 
tremely  high  impedance,  especially 
since  the  voltage  may  be  as  high 
as  several  hundred  volts.  In  gen¬ 
eral,  the  characteristic  we  obtain  is 
one  which  rises  quite  sharply  for 
low  values  of  voltage  and  then,  for 
increased  voltages,  results  in  no  ap¬ 
preciable  increase  in  current.  This 
is  a  typical  saturation  curve.  If  the 
tube  is  a  vacuum  device,  then  the 
current  will  be  essentially  constant 
for  voltages  above  about  50  volts, 
but  if  the  tube  contains  gas,  we  shall 
find  that  the  current  continues  to 
rise  concave  upward  as  the  voltage  is 
increased.  These  characteristics  are 
shown  in  Fig.  9  for  both  tubes. 

If  the  voltage  is  maintained  con¬ 
stant  above  the  knee  or  saturation 
value  and  the  light  intensity  is 
varied,  it  will  be  found  that  the  cur¬ 
rent  is  directly  proportional  to  the 
intensity  of  the  light  beam  so  long 
as  the  external  plate  resistance, 
does  not  have  too  high  a  value.  Even 
for  a  load  resistance  of  1  to  2  or 
perhaps  5  to  10  megohms  there  is  a 
reasonably  good  linear  relationship 
between  output  current  and  incident 
light,  but  not  for  higher  resistances. 
This  linear  relationship  holds  true 
only  for  vacuum  phototubes  as  shown 
in  Fig.  10.  If  a  gaseous  phototube 


Fig.  8 — Schematic  diagram  for  determining  the  luminous  sensitiTity  and 
electrical  output  characteristics  of  an  emissiTe  phototube.  By  omitting  the 
▼oltage  source,  Ek,  the  some  circuit  could  be  used  to  determine  the  character¬ 
istics  of  barrier  layer  types  of  photoelectric  cells 
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Fig.  9 — RMistanc*  or  output  characteristics  oi  Tacuum  or  gaseous  phototubes 
may  be  determined  from  the  slope  oi  the  choracteristics.  left. 

Fig.  10 — The  luminous  sensitiTity  of  vacuum  or  gaseous  tubes  may  be 
determined  from  the  slope  of  the  current-flux  characteristic,  right. 


r 

I 

i 

is  used,  the  relationship  between  out- 
t  put  current  and  input  light  is  not 
linear,  but  may  increase  concave  up¬ 
ward  as  the  light  intensity  is  in¬ 
creased.  This  immediately  suggests 
1  to  us  that  a  vacuum  phototube  pro- 

I  vides  a  very  simple  and  convenient 

I  means  for  determining  light  in¬ 

tensity  by  electrical  means.  The 
gaseous  tube  is  not  so  convenient  be¬ 
cause  the  relationship  between  input 
light  and  output  current  is  not  lin¬ 
ear  (Fig.  10). 

The  output  current  is  also  a  func¬ 
tion  of  the  wavelength  of  light  fall¬ 
ing  upon  the  device.  Certain  types 
of  phototubes  are  sensitive  to  in¬ 
frared  radiation,  some  are  sensitive 
throughout  the  visible  range,  whereas 
others  (in  fact  practically  all  of 
them)  have  an  appreciable  sensitiv¬ 
ity  in  the  ultraviolet  region.  The 
relative  sensitivity  of  the  phototube 
to  various  wavelengths  will  be  found 
to  be  a  characteristic  of  the  tube  un¬ 
der  consideration.  Nevertheless,  the 
fact  that  the  phototube  is  differen¬ 
tially  sensitive  to  radiation  of  differ¬ 
ent  wavelengths  indicates  that  the 
composition  of  the  light  reaching  the 
tube  must  be  maintained  constant 
if  we  are  to  use  the  phototube  as  a 
precise  light  measuring  instrument. 

When  we  consider  the  magnitude 
of  the  current  derived  from  the  pho¬ 
totube  and  when  we  consider  its  re¬ 
sistance,  it  is  apparent  that  the  ex¬ 
ternal  load  circuit  must  have  a  very 
high  resistance  (megohms)  if  max¬ 
imum  power  is  to  be  derived  from 
the  phototube.  Even  then  the  power 
available  in  the  external  circuit  is 
extremely  small.  How’ever,  we  may 
apply  the  output  voltage  developed 
across  the  resistor  R„  to  the  input 


of  a  vacuum  tube  to  control  power  in 
the  output  circuit  of  the  vacuum 
tube.  In  this  way,  we  can  use  the 
phototube  indirectly  to  control  size¬ 
able  amounts  of  power  by  variation 
of  the  light  beam  falling  upon  the 
phototube. 

As  shown  in  Fig.  9  and  Fig.  10, 
there  are  two  characteristics  of 
phototubes  which  are  important. 
The  first  of  these  is  called  the  vari¬ 
ational  resistance  of  the  phototube 
and  is  defined  as  the  ratio  of  the 
change  in  plate  voltage  to  the  cor¬ 
responding  change  in  current,  for 
a  specified  incident  light  flux  falling 
on  the  tube.  The  graph  of  Fig.  9 
shows  this  resistance  determined  for 
the  knee  of  the  curve,  but  it  could 
also  be  determined  for  any  other 
part  of  any  of  the  curve.  The  other 
tube  characteristic  is  its  luminous 
sensitivity  which,  for  a  specified 
plate  voltage,  may  be  defined  as  the 
ratio  of  the  change  in  plate  current 
to  the  corresponding  change  in  lum¬ 


inous  flux  producing  it.  For  the 
vacuum  phototube  this  luminous 
sensitivity  is  constant,  whereas  it 
increases  with  increasing  illumina¬ 
tion  for  the  case  of  a  gaseous  photo¬ 
tube.  In  all  of  these  specifications  for 
phototube  factors,  it  is  assumed  that 
the  quality  of  the  light  used  in  mak¬ 
ing  the  measurements  is  unchanged. 
The  measurements  are  usually  made 
with  light  produced  by  an  incandes¬ 
cent  filament  operated  at  some 
specified  temperature  near  2,700  or 
2,800  deg.  F.  Operating  character¬ 
istics  for  a  few  typical  phototubes 
are  given  in  Table  III. 

Another  type  of  photoelectric  de¬ 
vice,  which  incidentally  can  hardly 
be  classed  as  an  electron  tube,  is  of 
importance  in  industrial  applications 
of  electronic  devices.  This  is  the  bar¬ 
rier  layer  type  of  photoelectric  cell 
which  has  considerable  application 
in  portable  photographic  exposure 
meters  and  light  meters.  This  cell 
requires  no  external  source  of  volt¬ 
age  for  its  operation  but  converts 
radiant  energy  directly  into  electric 
energy.  The  device  is  essentially  a 
low  impedance  circuit  element,  and 
for  this  reason  the  output  voltage, 
which  is  in  the  neighborhood  of 
millivolts,  cannot  be  conveniently 
amplified  through  the  use  of  electron 
tube  amplifiers.  Currents  of  several 
hundred  microamperes  (enough  to 
operate  sensitive  relays)  are  avail¬ 
able  from  these  devices,  whose  great 
virtue  is  that  they  operate  without 
external  sources  of  power  applied  to 
them.  In  many  types  of  such  devices, 
the  spectral  response  is  more  nearly 
like  that  of  the  eye  than  is  true  for 
the  emissive  type  of  phototube  al¬ 
ready  described.  This  type  of  light- 
sensitive  device  has  many  uses. 


TABLE  III  — OPERATING  CHARAirTERISTICS  OF  TYPICAL  PIIOTOTl  BES 


C.ath«Mlr 

Max. 

Anode 

Voltage 

Max. 

Anode 

Current 

Typical 

Sensi¬ 

tivity 

Wind«m 

Area 

Region  of 
Max. 

Tvjm*  No. 

Surface 

Volts 

p  A 

p  A  i. 

Sq.  In. 

Sensitivity 

PJ-22 

Vacuum  Tubes 
Cs-O-Ap 

2(M> 

20 

5 

0  9 

1  Deep  rcnl 

SR -'50 

Cg-O-Ag 

.tOO 

20 

15 

11 

j  ultraviolet 

917 

Cg-O-Ap 

.'500 

30 

20 

0.9 

.3,000-11.000 

CE 

Cs-O 

90 

20 

.30 

'  A  «leep  re«l  &. 

5A 

Cs-O 

180 

100 

20 

ultraviolet 

GL-441 

Coesium 

200 

45 

0  9 

PJ-2.3 

Gas  Tul*es 
Cs-O 

90 

20 

.50 

0  9 

IK-ep  r«Nl  & 

918 

Cjs-O-Ap 

90 

.'5 

110 

0  9 

ultraviolet 

.3,000-11.000 

CE 

C.g-0 

90 

20 

150 

Deep  re«l  & 

6- A 

<j»-0 

90 

10 

60 

ultraviolet 
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Ghardderistlcsi  of 
ColhcMle-iray  Tubes 

In  line  with  our  previous  investi¬ 
gations  let  us  determine  the  charac¬ 
teristics  of  a  cathode-ray  tube.  We 
shall  find  that  the  cathode-ray  tube 
box  contains  a  number  of  input  volt¬ 
age  terminals  and  that  in  place  of 
the  output  terminals  we  are  faced 
with  a  circular  glass  disk  (screen) 
having  a  white  appearance  as  if  the 
inner  surface  were  frosted.  From 
our  study  of  phototubes  we  have  al¬ 
ready  been  accustomed  to  electron 
devices  which  convert  energy  from 
one  type  to  another.  We  surmise 
therefore  that  electrical  energy  fed 
into  the  device  may  be  converted  into 
radiant  energy  manifested  by  light 
of  various  intensities  on  the  glass 
screen.  We  note  that  the  cathode- 
ray  box  is  marked  to  be  connected 
to  a  110-volt  a-c  line  and  from  this, 
as  well  as  from  the  fact  that  the  box 
is  quite  heavy,  we  infer  that  the  box 
contains  more  than  the  tube  itself. 
In  fact,  there  is  an  internal  power 
supply  provided  for  the  tube  and 
the  three  pairs  of  outpu  terminals 
are  simply  provided  to  enaole  us  to 
control  the  pattern  on  the  screen. 

We  begin  our  investigation  by  ap¬ 
plying  voltages  to  the  two  terminals 
marked  control  grid.  If  we  apply  a 
direct  voltage,  a  spot  of  light  ap¬ 
pears  in  the  center  of  the  screen. 
By  varying  the  control  voltage  we 
have  a  means  of  varying  the  in¬ 
tensity  of  the  light  on  the  screen. 
The  current  taken  by  the  control  grid 
is  practically  zero  with  one  condition 
of  polarity  and  fairly  small  with  an¬ 
other  so  the  impedance  of  this  elec¬ 
trode  is  high. 

Now,  if  we  apply  direct  voltages  to 
the  two  terminals  marked  H,  we  shall 
find  that  the  spot  of  light  is  dis¬ 
placed  in  a  horizontal  direction 
across  the  screen  in  a  manner  which 
is  proportional  to  the  voltage  applied 
to  the  H  or  horizontal  terminals, 
the  direction  of  the  displacement  de¬ 
pending  upon  the  voltage  polarity. 
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Fig.  11 — Circuit  arrangement  lor  determin¬ 
ing  the  intensity  and  deflection  character¬ 
istics  of  a  spot  rr  on  the  screen  oi  a 
cathode-ray  tube,  in  terms  oi  intensity  con¬ 
trol  Toltage.  Ec,  and  horixontal  and  deflec¬ 
tion  Yoltages,  Ek  and  E,,  respectiTely 

Likewise  the  vertical  displacement 
of  the  spot  depends  upon  the  magni¬ 
tude  and  polarity  of  the  direct  volt¬ 
age  applied  to  the  two  terminals 
marked  V  or  vertical.  The  impedance 
of  the  H  and  V  electrodes  are  both 
high  as  is  indicated  by  very  small 
currents  /«  and  even  for  voltages 
large  enough  to  deflect  the  spot  off 
the  screen. 

Now,  we  have  three  input  voltages 
which  we  may  control  at  random 
and  independently  of  one  another 
and  therefore  there  are  three  pos¬ 
sible  modes  of  varying  the  spot.  We 
can  either  vary  the  horizontal  dis¬ 
placement  of  the  spot  or  its  vertical 
displacement  and  we  can  control  its 
intensity.  If  we  apply  an  alternating 
voltage  to  the  vertical  terminal  and 
direct  voltage  to  the  horizontal 
terminal  we  shall  find  that  the  spot 
i.e  lengthened  out  to  a  fine  line  whose 
length  is  proportional  to  the  peak 
value  of  the  voltage.  If  the  direct 
voltage  is  applied  to  the  vertical 
terminal  and  an  alternating  voltage 
applied  to  the  horizontal  terminal, 
the  spot  will  become  a  thin  horizontal 
line.  If  alternating  voltages  are  ap¬ 
plied  to  both  the  horizontal  and  ver¬ 
tical  terminals,  we  obtain  a  wide 
variety  of  patterns  which,  if  the  fre¬ 
quencies  are  integrally  related  are 
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known  as  Lissajous’  figures.  If  we 
apply  an  alternating  voltage  to  the 
control  grid,  then  it  will  be  possible, 
under  certain  values  of  adjustment, 
to  make  a  portion  of  the  Lissajous’ 
figures  disappear  and  to  make  other 
portions  of  the  figures  brighter  than 
normal. 

Using  the  three  control  voltages,  it 
IS  possible  to  obtain  a  wide  range  of 
patterns  of  varying  intensities  on 
the  screen.  The  patterns  thus  pro¬ 
duced  are  extremely  useful  to  one 
who  is  accustomed  to  their  correct 
analysis. 

The  spot  of  light  may  be  green  in 
color  or  white  or  blue  or  perhaps 
some  other,  although  less  common, 
color.  With  different  screen  mate¬ 
rials  the  image  may  not  immediately 
remove  itself  from  the  screen  when 
the  control  voltage  is  sufficiently 
negative.  Instead,  the  spot  tends  to 
linger  and  to  gradually  decrease  in 
intensity  after  the  voltage  is  in¬ 
creased  beyond  its  cut-off  value.  Such 
a  tube  would  be  well  suited  for  the 
photography  of  a  phenomenon  which 
produces  a  stationary  pattern  on  the 
screen,  but  would  produce  objec- 
tional  blurring  if  our  patterns  were 
subject  to  rapid  spatial  changes  on 
the  screen  of  the  tube. 

For  a  given  voltage  applied  to  the 
H  and  V  terminals,  we  always  ob¬ 
tain  the  same  spot  displacement  or 
deflection  (assuming  the  line  voltage 
and  internal  adjustments  remain  un¬ 
changed).  It  does  not  necessarily 
follow  that  a  given  voltage  applied  to 
the  horizontal  terminals  will  produce 
the  same  absolute  value  of  displace¬ 
ment  as  when  applied  to  the  vertical 
terminals  although  usually  the  dif¬ 
ference  will  not  be  more  than  about 
20  percent.  By  determining  the  dis¬ 
placement  of  the  spot  for  a  given 
voltage  we  can  specify  the  deflection 
sensitivity  of  the  device. 

In  some  tubes,  using  magnetic  de¬ 
flection,  the  deflection  of  the  spot  is 
controlled  by  current  flowing  through 
coils  near  the  tube.  In  such  cases  the 
deflection  depends  upon  the  currents 
in  the  H  and  V  coils  whose  impedance 
may  be  quite  low.  Otherwise  the 
mode  of  operation  is  like  that  al¬ 
ready  described  for  tubes  with  elec¬ 
trostatic  deflection. 

The  operating  characteristics  of  a 
few  typical  cathode-ray  tubes  are 
given  in  Table  IV. 

For  a  list  of  bibliographical  refer¬ 
ences  relating  to  the  material  in  this 
section,  see  page  69. 
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Tubes  and  Their  Functions 

hi « 


Having  discussed  the  charac¬ 
teristics  of  various  members 
of  the  electron  tube  family,  let  us 
consider  the  tube  as  part  of  a  cir¬ 
cuit.  All  high  vacuum  tubes  have  in¬ 
put  impedances  which  are  high 
(megohms)  so  long  as  the  grid  is 
maintained  negative  and  this  is  the 
usual  way  of  using  the  tube.  The 
output  impedances  are  high,  of  the 
order  of  thousands  of  ohms  to  several 
megohms.  Both  input  and  output 
impedances  act  like  high  resistances 
shunted  by  small  capacitances.  These 
capacitances  may  be  neglected  in  all 
but  unusual  industrial  applications. 

Gas  tubes  have  high  input  impe¬ 
dance  up  to  the  moment  of  conduc¬ 
tion,  and  then  the  tube  may  draw  ap¬ 
preciable  current  from  the  input  cir¬ 
cuit  (milliamperes).  The  internal 
resistance  of  gaseous  tubes  is  of  the 
order  of  15  to  25  ohms  while  the  tube 
conducts  and  is  very  high  during  the 
non-conducting  condition. 

A  high  vacuum  control  tube  may 
be  regarded  as  a  one-way  device  for 
all  frequencies  and  applications  use¬ 
ful  to  industrial  processes.  Very  lit¬ 
tle  of  the  output  energy  gets  back  to 
the  input  through  the  tube  itself. 
The  amplifier  tube  acts  as  a  180  deg.- 
phase  shifting  network  for  resis¬ 
tance  loads.  An  amplifier  tube  op¬ 
erated  over  the  linear  part  of  its 
input-output  characteristic  may  be 
looked  at  as  a  generator  of  voltage 
in  series  with  the  plate  resistance 
of  the  tube;  ^  is  the  amplification 
factor  and  e,  is  the  applied  alternat¬ 
ing  voltage. 

A  gaseous  control  tube  acts  as  a 
single  pole  single  throw  switch.  A 
phototube  is  an  energy  converter  of 
high  impedance,  producing  electri¬ 
cal  energy  from  radiant  energy. 
Microamperes  of  current  can  be  se¬ 
cured  from  it;  its  output  must  be 
amplified  for  industrial  purpose.s. 
The  output  of  the  vacuum  type  photo¬ 
tube  is  independent  of  applied  volt¬ 
age  above  about  50  volts.  A  linear 
relationship  exists  between  input  en¬ 
ergy  and  output  current  for  a  high 
vacuum  tube;  but  the  relation  is 
not  linear  for  a  gas  phototube.  The 


Fig.  1 — CurTe  showing  relation  between 
input  (grid)  voltage,  E,.  and  output  (plate) 
current.  Ip.  for  a  typical  triode  amplifier 


photovoltaic  type  of  light  sensitive 
device  is  essentially  a  low  impedance 
device  with  higher  current  output 
than  the  phototube  but  delivering 
lower  output  voltages.  Its  output 
may  be  used  with  a  sensitive  relay 
which  acts  as  an  amplifier,  in  turn 
operating  a  heavier  relay. 

How  to  Moke  the  Tube  Work 

In  industrial  applications,  tubes 
perform  essentially  two  different 
types  of  functions.  In  some  cases,  as 
in  rectifiers,  the  output  of  the  tube 
is  used  directly,  power  flowing  from 
the  tube  to  the  work  to  be  done.  In 
others,  the  tube  acts  merely  as  an 
accessory  piece  of  equipment,  re¬ 
sponding  to  some  sort  of  stimulus 
(obtained  from  the  work  to  be  done) 
and  in  responding  releasing  energy 
from  a  local  source;  this  energy  per¬ 
forming  the  desired  job. 

Whatever  the  job  to  be  done,  there- 


Fig.  2 — Simple  relay  circuit  using  tube  be¬ 
tween  a  stimulus  voltage  and  an  electro¬ 
magnetic  relay 


fore,  some  means  must  be  found  for 
deriving  from  it  a  stimulus  that  can 
be  applied  to  the  tube,  such  as  a  volt¬ 
age  or  illumination  change.  Inter¬ 
rupting  a  beam  of  light  by  an  object 
to  be  counted  is  one  method ;  another 
is  to  make  the  object  to  be  counted 
change  the  voltage  (phase,  frequency 
or  other  electrical  quantity)  applied 
to  the  tube.  Any  physical  quantity, 
such  as  weight,  color,  velocity,  size; 
or  any  electrical  quantity,  such  as 
voltage,  phase,  frequency;  or  any 
chemical  quantity,  such  as  the  pH  or 
conductivity  of  an  electrolyte,  etc., 
may  be  converted  to  an  appropriate 
electrical  change  which  will  cause  a 
tube  to  act. 

High  Vacuum  Tubes 

Use  of  the  Tube  as  a  Relay 

Consider  the  curve  in  Fig.  1,  the 
characteristic  of  a  typical  amplifier 
tube.  This  curve  expresses  the  rela¬ 
tion  between  the  voltage  input  and 
current  output  for  a  given  plate  volt¬ 
age.  Note  that  there  is  a’ continuous 
relation  between  current  output 
(known  as  plate  current  or  Ip  and 
voltage  input  or  grid  voltage  E,). 
Thus  when  the  grid  voltage  is  —10 
volts,  the  plate  current  is  13  milli¬ 
amperes  and  when  the  grid  voltage 
is  zero  the  plate  current  has  in¬ 
creased  to  25  ma.  In  tubes  of  this 
type  the  plate  current  increases  con¬ 
tinuously  as  the  grid  voltage  is  made 
less  negative  or  is  made  positive  with 
respect  to  the  cathode. 

The  plate  circuit  of  the  tube  is  the 
work  circuit.  The  grid  circuit  is  the 
control  circuit.  All  that  is  necessary 
to  put  the  tube  to  w'ork  as  a  relay 
tube  is  to  change  the  voltage  on  the 
grid  from  say — 10  to  0  and  to  use  in 
the  plate  circuit  an  electro-mechani¬ 
cal  relay  which  will  remain  open 
when  13  ma  flow  through  it  but 
which  will  close  when  25  ma  flow 
through  it  or  vice  versa.  Current 
or  power  to  perform  the  final  work 
to  be  done  is  controlled  by  con¬ 
tacts  on  the  relay.  It  is  immate¬ 
rial  to  the  tube  how  the  engineer 
decides  to  get  the  required  input 
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voltage  change  of  10  volts.  For  ex¬ 
ample,  an  extremely  simple  method 
is  to  have  a  13  volt  battery  between  ^ 
cathode  and  grid  with  a  switch  which 
can  connect  the  grid  directly  to  cath¬ 
ode  when  desired.  This  switch  could 
be  closed  by  a  cam  arrangement,  say 
on  a  cylinder  of  a  printing  press. 
Once  in  each  revolution  the  switch 
connects  the  grid  directly  to  the 
cathode,  and  a  counter  in  the  plate 
circuit  rings  up  another  newspaper 
off  the  press. 

A  logical  question  at  this  point  is 
to  ask  why,  if  10  volts  are  available 
to  control  the  tube,  this  voltage 
change  is  not  applied  directly  to  the 
relay  and  thus  eliminate  the  tube. 
Certainly  there  is  no  need  to  use  a 
tube  if  we  can  avoid  it;  and  indus¬ 
trial  engineers  use  tubes  only  if  they 
perform  jobs  which  cannot  be  done 
in  any  other  way,  or  if  they  are  done 
better  by  tubes — i.e.,  either  faster, 
cheaper,  or  safer. 

In  this  case  it  is  power  that  oper¬ 
ates  the  relay  and  not  current  or 
voltage.  The  10  volt  change  placed 
upon  the  tube  input  terminals  may 
come  from  a  source  of  extremely  lim¬ 
ited  power;  for  example  the  output 
bf  a  phototube.  The  phototube  cur¬ 
rent  change  may  be  of  the  order  of 
10  microamperes  which  is  not  suffi¬ 
cient  current  to  operate  the  relay. 
This  current,  however,  may  be  caused 
to  flow  through  a  1-megohm  resis¬ 
tance.  Across  this  resistance  will  ap¬ 
pear  a  10-volt  change  and  this  in 
turn  may  be  applied  to  the  control 
grid  of  the  tube. 

The  power  through  the  relay  may 
be  figured  as  follows.  If  it  has  a  re¬ 
sistance  of  500  ohms,  and  if  a  cur¬ 
rent  change  of  12  ma  is  sufficient  to 
make  it  operate,  the  power  required 
to  make  the  relay  operate  is  72.0x10  * 
watts  (PR).  Now  the  input  power 
required  to  make  the  tube  operate 
works  out  to  be  100x10*  watts 
( 10*Xlfl  *)  so  that  the  tube  produced 
a  power  amplification  of  some  720 
times — and  this  is  why  the  tube  is 
used. 

Us*  of  fhe  Tube  as  an  Amplifier 

The  tube  has  an  extremely  impor¬ 
tant  ability — to  amplify  voltage 
changes  placed  upon  its  grid  circuit. 
Across  a  load  in  the  plate  circuit  ap¬ 
pear  voltages  which  are  magnified 
images  of  the  voltage  changes  placed 
upon  the  grid  circuit.  These  images 
can  be  almost  exact  replicas  of  the 
input  voltages,  or  they  can  be  dis¬ 


Fiq.  3 — Fundamontal  ainplifi*r  diaqrom. 
Her*  Rg  is  th*  load  rosistomc*  across 
which  th*  output  alternating  Toltag*.  *.. 
appears 


torted  in  almost  any  manner  desired. 
It  is  this  amplification  ability  that 
has  made  radio  broadcasting  pos¬ 
sible,  and  it  is  also  of  very  great 
value  to  industrial  applications. 

In  Fig.  3  is  a  simple  tube  amplifier 
circuit  with  a  resistance  load  Rg.  In 
series  with  the  fixed  grid  voltage 
(known  as  a  bias)  is  a  source  of  al¬ 
ternating  voltage.  If  the  a-c  termin¬ 
als  are  shorted  a  steady  value  of  plate 
current  will  flow,  its  value  depending 
upon  the  plate  voltage,  upon  the  grid 
voltage,  upon  tube  characteristics, 
and  Rk.  But  if  alternating  voltage  is 
applied  to  these  terminals,  the  plate 
current  will  rise  and  fall  about  its 
former  fixed  value  as  a  base.  Looked 
at  in  another  w^ay,  the  plate  circuit 
will  have  two  currents  in  it,  one  a 
direct  current  and  the  second  an  al¬ 
ternating  current. 

This  alternating  current  flowing 
through  the  plate  load  resistance 
produces  a  voltage  drop  along  this 
resistance;  and  this  alternating  volt¬ 
age  will  be  greater  than  the  alter¬ 
nating  voltage  placed  upon  the  grid 
terminals  if  Rg  is  not  too  small. 

Effect  of  Tube  Resistance.  The 
tube  has  an  internal  resistance 
( r,)  through  w’hich  the  plate  cur¬ 
rent  must  flow.  The  relative  value 
of  this  internal  resistance  and  that 
of  the  load  resistance  govern  both 
the  magnitude  of  the  alternating 
voltage  developed  across  R„  and  the 
power  developed  in  Rg. 

If  the  tube  is  properly  biased  and 
operated  so  that  the  plate  current 
does  not  drop  to  zero  on  the  negative 
half  cycles  of  input  alternating  volt¬ 
age,  and  the  grid  is  alw'ays  negative 
with  respect  to  the  cathode,  the 
output  alternating  voltage,  current 
and  power  are  respectively 


fo  = 


ue,  Rb  _  .  _  u  Cg 

I'p  +  Rb  ’  **  rp  -H  Rh’ 
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u*  Cp*  Rb 

(jTp  -|-  Rb)~ 


The  maximum  output  voltage 
across  Rg  will  be  secured  when  Rg 
is  large  compared  to  r,.  The  max¬ 
imum  power  in  Rg  will  be  secured 
when  Rg  is  equal  to  r,.  Then  the 
power  output  is 


where  Cj 
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rms  input  grid  valtage  or 
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SRb 


where  e,  =  peak  input  grid  voltage. 

Under  no  conditions  can  the 
amplification  of  voltage  (e,/«,)  be 
greater  than  the  amplification  fac¬ 
tor  of  the  tube  and  approaches  this 
value  only  when  R,  is  much  greater 
than  r,.  If  R.  =  3r,  the  amplifica¬ 
tion  will  be  75  percent  of  the  ampli¬ 
fication  factor  of  the  tube. 

If  the  load  resistance  is  much  less 
than  the  tube  resistance  (as  is  fre¬ 
quently  the  case  in  using  certain 
tubes  with  very  high  internal  re¬ 
sistance)  the  voltage  amplification 
is  approximately  equal  to 


e./Cf  =  Qm  Rb 

where  g„  =  transconductance  of  the 
tube,  and  here  again  the  maximum 
amplification  depends  upon  how 
large  the  load  resistance  is. 


Plate  Battery  Requirements.  It 
is  a  disadvantage  to  place  too  high 
a  load  resistance  in  the  plate  circuit 
of  a  tube,  especially  when  using  the 
low  resistance  tubes.  This  arises 
from  the  fact  that  the  plate  current 
not  only  flows  through  the  tube  but 
through  the  load  too,  and  for  every 
milliampere  of  current  drawn 


Fig.  4 — Tub**  usually  op«rat*  with  a  iix*d 
direct  roltage  on  both  plat*  and  grid.  In 
addition,  alternating  Yoltaqes  may  be 
placed  upon  the  grid  circuit  Then  alter¬ 
nating  currents  wilt  flow  in  the  plate 
circuit  Here  E,  and  I,  are  steady  values 
of  grid  voltage  and  plate  current;  e,  and 
ip  are  peak  values  of  alternating  grid 
voltage  and  plate  current 
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Fig.  5 — Ways  of  OToiding  use  oi  high 
plote  battery  Toltage  with  resistance  loads. 
The  resistance  oi  the  choke  (center)  is  low. 
its  inductance  high 


through  a  thousand  ohms  of  resist¬ 
ance,  1  volt  is  lost — it  does  not  ap¬ 
pear  across  the  cathode-plate  path. 
Thus  if  10  ma  flow  through  10,000 
ohms,  100  volts  appear  across 
If  the  tube  requires  250  volts  across 
the  resistance  of  the  tube  and  if  100 
volts  are  lost  across  Rb,  the  plate 
battery  must  supply  350  volts. 

It  is  worth  noting  here  that  there 
is  but  a  single  source  of  voltage  in 
the  plate  circuit — the  plate  battery. 
Current  from  this  battery  flows 
through  the  tube  and  through  the 
load  resistance.  The  way  in  which 
the  total  plate  circuit  voltage  divides, 
part  appearing  across  the  tube 
and  part  across  the  load,  depends 
upon  the  relative  resistances  of  the 
tube  and  the  load  but  the  sum  of  the 
two  voltages  is  never  greater  than 
the  plate  battery  voltage.  When  the 
voltage  drop  across  the  load  is  high 
due  to  high  plate  current,  the  volt¬ 
age  across  the  tube  is  low  and  vice 
versa. 

Use  of  high  resistance  loads 
which  cause  large  voltage  drops 
which  must  be  supplied  by  high 


plate  battery  voltages  can  be  avoided 
by:  (1)  use  of  a  transformer  be¬ 
tween  the  tube  and  the  load  so  that 
the  desired  a-c  power  is  developed 
in  the  load  without  the  steady  plate 
current  having  to  flow  through  it; 
(2)  use  of  a  low-resistance  induc¬ 
tance  through  which  the  direct  cur¬ 
rent  flows  as  in  Fig.  5;  (3)  use  of 
tubes  of  high  intrinsic  plate  re¬ 
sistance  with  loads  which  have  re- 
si.stances  low'er  than  that  of  the 
tube.  Then  the  tube  acts  more  or 
less  like  a  constant-current  source 
and  variations  in  load  voltage  with 
consequent  variations  in  plate  volt¬ 
age  are  much  less  important. 

Tube  Efficiency.  If  Rb  =  r„  the 
efficiency  of  the  plate  circuit  is  50 
percent  since  half  the  power  de¬ 
veloped  will  be  lost  in  the  tube  and 
half  will  be  usefully  developed  in  the 
load  resistance.  Greater  efficiency 
can  be  had  by  raising  the  value  of 
Rn,  but  less  power  will  be  secured 
thereby  unless  the  plate  voltages 
and  currents  are  increased. 

The  amount  of  power  that  a  tube 
can  deliver  depends  upon  how  much 


it  can  safely  dissipate  on  its  own 
plate  and  its  efficiency  of  operation. 
A  tube  that  can  safely  dissipate  10 
watts  can  also  deliver  10  watts  to 
a  load  at  50  percent  efficiency;  but 
at  higher  efficiencies,  higher  power 
can  be  developed  in  the  load  without 
raising  the  10  watt  limit  in  plate 
dissipation. 

In  most  industrial  cases,  it  is 
more  important  to  get  the  maximum 
power  into  a  load  (such  as  an  elec¬ 
tro-mechanical  relay)  rather  than 
to  achieve  efficiency  and  in  this  case 
the  load  must  be  adapted  to  the  tube 
or  vice  versa.  This  means  that  the 
resistance  of  the  load  should  approxi¬ 
mate  the  resistance  of  the  tube.  The 
reduction  in  power  is  not  very  great 
if  the  load  resistance  is  greater  than 
that  of  the  tube  by  2  or  3  times,  but 
considerable  loss  occurs  if  Rb  is 
very  much  less  than  r,. 

Where  maximum  voltage  output 
(contrasted  with  maximum  power 
output)  is  desired,  Rb  must  be  high 
compared  with  r,  if  possible.  This 
is  not  possible  with  pentode  tubes 
and  here  Rb  should  be  as  high  as 
possible  or  convenient. 


Fig.  6 — Power  output  from  an  ampliiier 
tube  depends  upon  the  relatiee  values  of 
the  internal  tube  resistance,  r,.  and  the 
load  resistance,  Rr.  Maximum  power  out¬ 
put  occurs  when  R^  is  equal  to  t. 


Fig.  7 — Use  oi  tubes  in  parallel  to  in¬ 
crease  output  over  that  obtainable  from  a 
single  tube 


Fig.  8 — Push-pull  arrangement  oi  tubes 
decreases  harmonic  content  oi  output  and 
increases  power  output  over  that  obtain¬ 
able  from  a  single  tube 
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Fig.  9 — Simple  hali-waye  single-phase 
rectiiier  comprising  anode  and  cathode 
only.  Output  load  is  in  series  with  anode 


Fig.  10 — Current-Toltage  characteristics  oi 
typical  rectiiier  tubes.  Current  output  is 
proportional  to  the  3/2's  power  oi  plate 
yoltage 
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much  too  rapidly  for  any  mechani¬ 
cal  counter,  to  differentiate  or  inte¬ 
grate  mathematical  expressions  de¬ 
scriptive  of  electrical,  mechanical  or 
other  phenomena,  can  be  used  as  a 
variable  reactance  and  is  widely  used 
through  laboratory  practices  as  a 
measuring  tool. 

High  Vacuum  Tube  Limitations. 
The  high  vacuum  tube  is  a  low 
current-high  voltage  device.  If  high 
currents  at  low  voltages  are  desired, 
seme  other  means  must  be  used. 
Since  the  tube  amplifies,  and  since  a 
considerable  amount  of  amplification 
can  be  secured  with  a  single  tube 
and  its  accompanying  apparatus, 
care  must  be  taken  that  the  grid 
or  input  circuit  has  impressed  on 
it  only  the  desired  voltages  and  that 
it  be  protected  from  stray  fields,  such 
as  power  line  fields,  etc.  Since  the 
output  is  a  function  of  the  plate 
voltage,  the  plate  voltage  must  be 
steady  if  a  steady  output  is  neces¬ 
sary.  If  the  tube  is  to  amplify  (and 
not  to  generate  oscillations)  care 
must  be  taken  to  see  that  none  of 
the  output  voltage  is  allowed  to  get 
back  into  the  input  circuit  in  phase 
with  the  input  voltage. 

Rectification 

Since  the  tube  conducts  current 
only  when  its  plate  is  positive  with 
respect  to  the  cathode,  an  alternat¬ 
ing  voltage  placed  between  a  tube 
and  a  load  will  cause  current  to 
flow  through  the  load  on  the  half 
cycles  when  the  plate  is  positive.  On 
the  half  cycles  of  the  alternating 
voltage  when  the  plate  is  negative 
with  respect  to  the  cathode,  no  cur¬ 
rent  will  flow  in  the  load.  The  tube 
acts  as  a  one-way  switch  or  like  a 
check  valve  in  a  pump.  This  tube 
phenomenon  is  called  rectification. 
Only  two  electrodes  are  necessary — 
a  cathode  to  supply  electrons  and  a 
plate  to  collect  them. 

There  are  two  kinds  of  rectifier 
tubes,  high  vacuum  tubes  and  gas 
tubes.  Some  rectifiers  have  control 
grids  in  them  so  that  control  over 
the  output  current  is  possible.  These 
will  be  discussed  below. 

Half-wave  Rectifier.  In  this  case 


Fig.  11 — Several  rectifier  circuits  including. 
A.  full-wave  single-phase  circuit;  B.  bridge 
arrangement;  and  C.  D  and  E.  polyphase 
circuits 


a  single  tube  is  used  and  only  one 
half  of  the  a-c  cycle  is  rectified.  Cur¬ 
rent  flows  in  spurts  through  the 
load.  If  continuous  current  is  de¬ 
sired  through  the  load,  the  output 
of  the  rectifier  may  be  put  through 
a  filter  and  then  into  the  load.  The 
filter  smoothes  out  the  spurts  of 
current  so  that  the  load  current  re¬ 
sembles  that  from  a  d-c  source. 

The  half-wave  single-phase  recti¬ 
fier  is  simple  and  inexpensive.  Its 
output  is  relatively  difficult  to  filter 
and  is  seldom  used. 

Full-wave  Rectifier.  In  this  case 
two  tubes  are  used  (or  a  single  tube 
with  two  sets  of  elements)  and 
both  halves  of  the  a-c  cycle  are  recti¬ 
fied,  each  tube  conducting  current 
when  its  anode  is  positive  and  re¬ 
maining  non-con4ucting  while  the 
other  tube  conducts.  Output  from 
this  rectifier  is  relatively  easy  to 
filter  and  is  widely  used  where  cur¬ 
rents  of  1  ampere  at  1000  volts  or 
less  are  desired. 

When  a  half-wave  rectifier  works 
directly  into  a  resistance  load  with¬ 
out  any  intervening  filter  circuit,  the 
average  current  passed  through  the 
load  is 

/  =  0-^^ 

"  Hl 

where  is  the  rms  voltage  across 
the  power  transformer  secondary 


terminals,  Var„p  is  the  voltage  drop 
across  the  rectifier  tube,  for  the 
average  current  passing  through  the 
tube,  and  Rl  is  the  resistance  of  the 
load.  is  obtained  from  Fig.  10. 

When  mercury  vapor  rectifiers  are 
used,  Fdrop  is  about  15  volts  and  is 
independent  of  the  current  drawn 
from  the  tube. 

In  full-wave  circuits,  the  average 
current  is  twice  that  given  by  the 
half-wave  equation.  In  this  case 
is  the  rms  voltage  between  the 
center  tap  and  one  end  of  the  trans¬ 
former  secondary. 

V%,  =  I ,,  Rl  volts 

Polyphase  Rectifiers.  In  poly¬ 
phase  circuits,  half-  or  full-wave 
rectifiers  may  be  provided  for  each 
phase.  Such  polyphase  rectifiers  are 
of  considerable  industrial  application 
where  high  power  direct  current  is 
to  be  obtained.  The  output  from 
polyphase  rectifiers  is  often  used 
without  filtering,  although  if  filter¬ 
ing  is  required,  this  can  be  carried 
out  relatively  easily  because  the  out¬ 
put  voltage  is  relatively  high 
throughout  the  cycle  and  because 
the  frequency  components  to  be  fil¬ 
tered  are  higher  multiples  of  the 
supply  frequency. 

Voltage  Doubler.  In  this  circuit 
two  rectifier  units  are  used.  The 
output  voltage  is  approximately 
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Fig.  12 — Voltag*  doublar  circuits.  In  A,  separat*  iiloment  transiormur  windings  are  necessary.  This  circuit  is  called  a  full- 
ware  doubler  because  each  tube  conducts  current  to  the  load  on  each  half  of  the  a-c  input  cycle.  In  B  and  C  both  tubes 
are  placed  in  a  single  bulb.  In  B,  the  d-c  load  cannot  be  grounded  or  connected  to  one  side  of  the  a-c  supply  line.  C 
gets  around  this  difficulty  but  Is  a  half-ware  rectifier  since  rectifitd  current  flows  to  the  load  only  on  alternate  half  cycles 

of  the  a-c  input  cycle 


twice  the  alterating  voltage  supplied  tube  and  noting  the  rectified  current  ducting  period  is  often  very  high, 
to  the  rectifier.  This  is  because  each  that  passes  through  the  meter,  the  cathode  may  be  injured  unless 
condenser  (Fig.  12)  is  charged  to  *  means  are  taken  to  prevent  too  greal 

the  full  voltage  delivered  by  the  CdSCOIIS  Tvbes  a  current  flow  in  case  the  load  should 

transformer  but  since  the  two  con¬ 
densers  are  in  series  the  total  volt¬ 
age  across  them  is  twice  that  across 
either. 

The  voltage  doubler  is  often  used 
where  voltages  of  about  250  are  to 
be  obtained  from  the  110  volt  a-c 
line  in  the  most  economical  manner. 

Voltage  is  fed  to  the  tubes  directly 
from  the  power  line,  no  transformer 
being  needed.  Economy  is  the  rea¬ 
son.  This  rectifier  is  also  employed 
in  x-ray  work  where  a  single  tube 
cannot  deliver  the  required  direct 
voltage  output. 

Filters  for  Rectifiers.  The 
smoothing  circuits,  known  as  low 
pass  filters,  consist  of  series  in¬ 
ductances  (or  resistance  when  the 
current  output  is  small)  and  shunt 
capacities.  These  series  and  shunt 
elements  tend  to  maintain  the  volt 
age  across  the  output  and  the  cur¬ 
rent  through  the  output  constant, 
independent  of  the  spurts  of  current 
as  supplied  by  the  tube.  With  suffi¬ 
ciently  good  filtering  the  output 
from  the  filter  can  be  as  free  from 
ripple  as  desired. 

Rectifier  Applications.  The  obvi¬ 
ous  use  for  a  rectifier  is  to  supply 
direct  current  from  an  a-c  source. 

A  rectifier,  however,  can  perform 
other  functions  than  as  a  source  of 
direct-current  power.  For  example, 
a  d-c  meter  in  the  plate  circuit  of  a 
rectifier  will  read  a  current  which 
is  some  function  of  the  alternating 
voltage  applied  to  the  tube.  Thus 
the  tube  may  be  calibrated  as  an  a-c 
voltmeter  by  merely  placing  various 
known  alternating  voltages  on  the 


Coafrol-fyp*  GascoHS  Rtefiligr* 

D-c  Operation.  Two  or  more 
grids  in  a  gaseous  rectifier  make  it 
possible  to  control  the  starting  of 
conduction  but  not  to  control  the 
stopping  of  conduction.  In  general 
the  only  way  to  stop  the  tube  from 
conducting  is  to  remove  the  plate 
voltage  or  make  it  negative.  Fur¬ 
thermore  a  definite  time  is  required 
for  the  grid  to  re-establish  control 
after  the  plate  voltage  has  been  re¬ 
moved.  This  time  is  required  for 
the  ions  to  diffuse  and  leave  the 
vicinity  of  the  grid.  This  time  is 
of  the  order  of  a  few  micro-  or  milli¬ 
seconds  and  is  known  as  the  de¬ 
ionization  time.  This  brief  interval 
between  removal  of  the  plate  voltage 
and  the  establishment  of  control  by 
the  grid  limits  the  frequency  of  op¬ 
erations  the  gas  tube  can  control. 

In  Fig.  13  is  shown  a  simple 
method  of  controlling  a  gas  tube.  If 
d-c  power  is  connected  to  the  plate 
and  cathode  terminals,  and  if  the 


Fig.  13 — Control  of  thyratron  tuba  by  sud¬ 
denly  lowering  voltage  of  plate  below 
point  at  which  the  tube  will  conduct 
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grid  voltage  is  correct,  anode  cur¬ 
rent  will  flow.  Removing  or  chang¬ 
ing  in  any  way  the  grid  voltage  will 
not  have  any  effect  upon  the  plate 
current.  If,  however,  the  switch  is 
closed  the  tube  will  stop  conducting. 

When  the  tube  conducts,  the  drop 
across  it  will  be  of  the  order  of  15 
volts.  The  rest  of  the  line  voltage, 
say  250  volts,  is  impressed  across 
resistance  R^.  Terminal  A  of  the 
condenser  is  at  the  same  voltage  as 
the  anode  (15  volts)  and  terminal  B 
is  at  line  voltage  (250)  being 
charged  through  R,.  Now  if  the 
switch  is  closed,  B  becomes  zero  and 
terminal  A  will  suffer  an  instantane¬ 
ous  drop  in  voltage  equivalent  to 
—  250  -f  15  volts  or  to  the  value  of 
minus  235  volts.  The  plate  has  now, 
for  an  instant,  become  negative  with 
respect  to  the  cathode  and  conduc¬ 
tion  ceases.  If  the  time  taken  to 
recharge  the  condenser  through  i?, 
is  greater  than  the  de-ionization 
time  of  the  tube,  the  grid  will  regain 
control  and  conduction  will  not  start 
until  the  grid  voltage  is  again  the 
proper  value. 

R,  should  be  high  enough  in  re¬ 
sistance  so  that  closing  the  switch 
does  not  blow  the  line  fuses  or  cir¬ 
cuit  breakers. 

If  a  glow  tube  (a  tube  with  two 
elements  in  a  gaseous  atmosphere 
which  conducts  current  only  when 
a  certain  voltage  is  impres.sed  across 
the  elements)  is  placed  across  the 
switch  terminals,  the  gas  tube  can 
be  started  and  stopped  intermit¬ 
tently.  As  soon  as  the  condenser 
voltage  becomes  equal  to  the  voltage 
at  which  the  glow  tube  conducts, 
current  flows  through  the  glow  tube, 
reducing  the  voltage  across  it  suffi¬ 
ciently  to  cause  the  plate  voltage  to 


Fiq.  14 — Control  of  thyratron  by  alternat¬ 
ing  Toltages.  £,  is  the  Toltage  that  must 
be  on  the  grid  to  start  current  flow  at  the 
value  of  plate  voltage  immediately  above 
it.  Vf  is  the  control  voltage  applied  to 
lube.  Where  E,  and  V,  cross,  the  tube 
will  conduct  or  "fire" 


become  negative.  The  gas  tube  goes 
out,  de-ionization  takes  place,  the 
condenser  recharges  and  when  the 
plate  is  again  at  a  potential  higher 
than  that  necessary  to  cause  con¬ 
duction  (as  controlled  by  the  volt¬ 
age  on  the  grid)  the  tube  conducts 
again,  and  the  cycle  is  repeated. 

A  1-microfarad  condenser  and  a  874 
glow  tube  will  cut  off  a  1-ampere 
current  in  an  FG-67  tube. 

A-c  Operation.  If  direct  voltage 
is  placed  upon  the  grid  and  alter¬ 
nating  voltages  upon  the  plate,  con¬ 
duction  will  take  place  whenever  the 
proper  relative  values  of  grid  and 
plate  voltage  occur.  If  the  grid 
voltage  is  such  that  conduction  oc¬ 
curs  for  any  positive  value  of  plate 
voltage,  then  current  will  pass 
through  the  tube  on  the  entire  half 
cycles  which  make  the  plate  positive. 

If,  however,  the  grid  is  at  such  a 
potential  that  conduction  will  not 
occur  at  the  highest  positive  voltage 
placed  upon  the  plate  (the  peak  value 
of  the  alternating  voltage  applied) 
then  conduction  will  not  occur  in 
any  part  of  the  positive  half  cycle 
of  alternating  voltage. 

Conduction  can  take  place  for  all 
of  the  half  cycle  or  any  part  of  it 
or  none  of  it,  as  desired;  conduction 
can  be  prevented  from  taking  place 
for  all  of  the  half  cycle  (180  deg.)  or 
for  90  deg.  or  less  than  90  deg., 
that  is,  if  the  tube  conducts  at  all 
it  will  do  so  for  90  or  more  degrees 
of  the  half  cycle. 

Phase  Control.  A  more  elegant 
way  to  control  the  time  in  the  cycle 
at  which  conduction  begins,  and 
therefore  the  portion  of  the  half 
cycle  during  which  conduction  takes 
place  is  to  use  alternating  voltages 
on  both  plate  and  grid.  By  adjust¬ 
ing  the  phase  between  these  two 
voltages  and  their  relative  magni¬ 
tudes,  the  average  current  flowing 
during  a  half  cycle  may  be  adjusted 
to  any  value  from  zero  to  the  maxi¬ 
mum  corresponding  to  'conduction 
for  a  full  180  deg. 

Consider  Fig.  14.  Here  is  the 
anode  potential  which  can  have  any 
waveform,  and  E„  is  the  grid  bias 
which  will  just  prevent  the  tube 
from  conducting  at  the  value  of  E, 
shown  on  the  curve.  V,  is  a  sine 
wave  of  grid  voltage  ( other  wave¬ 
forms  can  be  u.sed).  V,  may  be 
moved  along  the  time  axis  so  that 
it  can  be  moved  into  or  out  of  phase 
with  £■,.  The  tube  will  fire  (conduct) 
at  the  earliest  point  in  the  cycle  at 


which  Vf  crosses  E,;  in  the  figure 
point  P.  By  advancing  the  phase  of 
the  grid  voltage  with  respect  to  the 
plate  voltage,  current  can  be  made 
to  pass  through  the  tube  for  a  longer 
and  longer  period  until  the  entire  180 
deg.  is  a  conducting  period.  If  the 
grid  and  plate  voltages  are  out  of 
phase,  current  does  not  pass  at  all. 
The  average  current  flowing  may  be 
found  from 

,  ,  (1  -f  C08  ii>') 

I ..  =  I  p..k - 

T 

where  (f>  =  angle  at  which  tube  starts 
to  conduct. 

A  simple  way  in  which  this  phase 
control  can  be  effected  is  shown  in 
Fig.  15. 

The  phase-shift  method  of  con¬ 
trol  is  the  preferred  method,  and 
should  be  used  where  a  continuous 
control  of  power  is  required.  This 
method  permits  fixing  the  time  of 
starting  of  anode  current  anywhere 
in  the  positive  half  cycle  of  anode 
voltage.  The  average  value  of  the 
anode  current  may  be  controlled 
completely  from  zero  to  maximum. 
Some  of  the  more  usual  methods  of 
obtaining  phase  shift  are  (1)  an 
induction  phase  shifter,  such  as  a 
Selsyn  motor  on  a  polyphase  source; 

1 2)  capacity-inductance-resistance 
bridge;  (3)  by  combining  tw’o  al¬ 
ternating  voltages  which  are  out  of 
phase  and  by  varying  the  magni¬ 
tude  of  one  of  them;  (4)  by  a 
saturable  peaking  transformer  hav¬ 
ing  a  d-c  winding  and  varying  the 
amount  of  direct  current  (5)  com¬ 
bining  an  alternating  voltage, 
which  is  out  of  phase  with  the 
anode  voltage,  with  a  d-c  bias 
voltage. 

It  is  good  practice  to  supply  the 
grid  with  voltages  considerably 


Fig.  15 — Method  oi  regulating  phase  be¬ 
tween  grid  and  plate  voltages  for  con¬ 
trolling  time  in  cycle  when  conduction 
starts 
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are  polyphase.  The  anodes  of  both  Phototube  Applications 
tubes  are  positive.  Let  it  be  assumed 

that  the  grid  of  the  upper  tube  is  Phototubes  can  be  used  to  initiate 
positive.  Current  will  flow  from  the  any  electrical  control  desired  by 
positive  d-c  source  through  the  trans-  means  of  light  impulses.  If  the  linear 
former  to  the  negative  d-c  line  by  relation  between  light  intensity  and 
way  of  this  tube.  The  grid  of  the  current  output  is  to  be  utilized  (as 
lower  tube  is  negative  and  allows  no  in  measurements),  the  tube  should 
current  to  pass.  The  condenser  is  be  operated  with  direct  voltages; 
charged  with  the  potential  drop  but  if  a  relay  is  to  be  operated  as  a 
across  the  output  transformer  owing  result  of  a  change  in  illumination  in¬ 
to  the  current  flow  in  the  upper  half  tensity  (as  for  door  opening,  count- 
of  the  winding,  the  upper  terminal  ing,  etc.)  alternating  voltages  may 
of  the  condenser  becoming  negative,  be  used.  In  Fig.  17  will  be  found  a 
and  the  lower  positive.  Toward  the  circuit  useful  for  d-c  operation, 
end  of  the  cycle  the  grids  exchange  Care  must  be  taken  to  see  that  the 
polarity  because  of  reversal  of  the  maximum  voltage  rating  of  gas  tubes 
exciting  voltage.  This  action  has  no  is  not  exceeded, 
direct  effect  on  the  current  flow  In  Fig.  20  is  a  typical  a-c  operated 
through  the  first  tube,  but  allows  cur-  circuit.  Since  the  output  of  the  am- 
rent  flow  through  the  second,  which  plifier  is  pulsating  direct  current 
in  effect  connects  the  lower  side  of  (rectified  current),  the  relay  will 
the  condenser  to  the  negative  lead,  chatter  unless  a  condenser  is  placed 
This  places  a  negative  voltage  of  across  its  coil.  The  variable  re¬ 
short  duration  on  the  upper  anode,  sistance  between  amplifier  cathode 
allowing  the  upper  grid  to  regain  and  grid  (through  the  phototube) 
control  and  terminate  a  half  cycle  of  provides  bias;  the  sensitivity  of  the 
the  a-c  output.  Corresponding  circuit  may  be  controlled  by  varying 
actions  in  inverse  order  result  in  the  capacity  of  the  grid  condenser, 
producing  the  following  half  cycle  of  If  modulated  light  impulses  are  to 
a-c  output.  be  employed,  the  circuit  of  Fig.  18 

may  be  used.  This  is  a  straight 

■  transformer-coupled  amplifier,  the 

only  difference  being  the  phototube 
connection  to  the  first  tube.  Where 
direct  currents  are  to  be  amplified. 
Fig.  19  is  satisfactory.  Circuits  am¬ 
plifying  direct  currents  are  not  as 
stable  as  when  alternating  currents 
are  employed  and  are  to  be  avoided 
if  possible. 


Fig.  16 — Elementary  circuit  showing  use 
oi  gas  Mode  as  an  inverter — i.  e..  a  tube 
which  produces  alternating  currents  from 
a  direct  voltage  input.  An  actual  inverter 
circuit  would  be  more  complex  than  this 


Fig.  17 — Simple  phototube-omplilier-relay 
circuit  using  direct  valtages 


greater  than  that  just  required  to 
start  conduction;  this  practice  in¬ 
sures  conduction  when  desired. 

Inverter  Service.  Gas-filled  tubes 
may  be  used  also  in  tube  inverter 
circuits  for  conversion  of  direct  cur¬ 
rent  to  alternating  current.  As  there 
are  many  types  of  inverter  circuits, 
it  is  impossible  here  to  do  more  than 
cover  the  fundamental  principles. 

In  all  such  circuits  direct  current 
is  applied  to  the  anodes  of  the  tubes 
and  the  grid  is  supplied  with  the  de¬ 
sired  frequency,  either  from  an  ex¬ 
ternal  exciter  or  by  means  of  coup¬ 
ling  with  the  output  circuit.  In  this 
respect  an  inverter  may  be  consid¬ 
ered  also  as  an  amplifier  or  oscillator. 
The  function  of  the  tubes  is  to  com¬ 
mutate  or,  in  other  words,  to  per¬ 
form  a  switching  operation.  In  all 
inverters  some  form  of  power  stor¬ 
age  is  necessary  to  supply  power 
during  the  commutation  period,  e.g., 
from  static  condensers,  from  a  power 
system,  or  from  rotating  apparatus. 

The  fundamental  action  of  inver¬ 
ters  may  be  illustrated  by  the  sim¬ 
plified,  single-phase  case  of  Fig.  16 
although,  in  practice,  the  larger  sizes 


Fig.  18 — Phototube  circuit  lueiul  when  al¬ 
ternating  voltages  secured  from  a  modu¬ 
lated  light  beam  are  to  be  used 


Fig.  20 — Alternating  current  operated 
phototube  relay.  The  tube  rectifies  the 
alternating  voltage  placed  upon  it:  the 
voltage  appearing  across  the  condenser 
is  then  applied  to  the  grid  oi  the  amplifier 


Fig.  19 — Circuit  useful  in  amplifying  di¬ 
rect  voltages.  Voltage  across  resistor  in 
cathode  circuit  oi  first  amplifier  is  applied 
to  the  second  amplifier 
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Light-relay  design.  The  amount 
of  illumination  change  necessary  to 
cause  a  tube  to  close  an  electro-me¬ 
chanical  relay  may  be  found  from 


lumens 


Where  L  is  the  increment  in  light 
falling  upon  the  phototube  cathode, 
required  to  actuate  the  relay,  S  is 
the  luminous  sensitivity  of  the  pho¬ 
totube  in  microamperes  per  lumen, 
Rt  is  the  coupling  resistance  in 
megohms,  and  is  the  increment  in 
grid  volts  required  to  actuate  the 
relay.  The  amplifier  current  in¬ 
creases  if  cathode  of  phototube  is 
connected  to  the  amplifier  grid;  de¬ 
creases  when  phototube  anode  is  con¬ 
nected  to  amplifier  grid. 


Because  of  their  ability  to  produce 
a  wide  variety  of  traces  over  a  very 
wide  range  of  frequencies,  cathode- 
ray  tubes  are  extensively  used  where 
visual  comparisons  of  electrical  op¬ 
erations  are  to  be  made,  or  w'here 
the  voltages  or  currents  in  a  circuit 
are  to  be  examined.  The  phenomenon 
to  be  studied  is  applied  as  a  voltage 
to  one  set  of  deflecting  plates,  usually 
the  vertical  plates,  while  some  con¬ 
venient  standard  of  comparison,  or 
a  timing  wave,  is  applied  as  a  volt¬ 
age  to  the  horizontal  pair  of  deflect¬ 
ing  plates. 

A  fundamental  circuit  for  the 
operation  of  the  cathode-ray  tube  is 
shown  in  Fig.  21  for  a  tube  having 
electrostatic  deflection.  This  simple 
circuit  is  useful  for  the  comparison 
of  two  voltages  applied  to  the  two 
pairs  of  deflecting  plates,  the  image 
on  the  screen  depending  upon  the 
relative  magnitudes,  frequencies,  and 
phase  displacements  of  the  tw’o  volt¬ 
ages  under  comparison.  This  simple 
circuit  is  not  suited  for  the  exam¬ 
ination  of  a  single  voltage  or  current 
as  a  function  of  time,  since  no  tim¬ 
ing  wave  is  provided  to  form  the 
reference  axis. 

Many  types  of  sweep  circuit  gen¬ 
erators  can  be  used  to  provide  suit¬ 
able  timing  axes,  the  charging  and 
discharging  of  a  condenser  through 
a  gaseous  tube  forming  a  very  simple 
and  common  method.  The  sweep  cir¬ 
cuit  diagram  of  Fig.  22  is  an  im¬ 
provement  over  the  simple  gas  tube 
generators  and  provides  a  timing 
axis  which  is  very  convenient  for  the 
examination  of  recurrent  phenomena. 


Fiq.  21 — Circuit  arrangement  oi  cathode-ray  tube  haTing  electrostatic  deflection 


-Sweep  circuit  generator  with  amplifier  for  supplying  a  cathode  ray 
tube  setup  with  a  time  basis 
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Tubes  At  Work 
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Gcirbon  Arc  Electrode 
Feed  Control 

The  length  of  the  gap  between  the 
electrodes  of  a  carbon  arc  operated 
on  d.c.  has  a  direct  bearing  upon  il¬ 
lumination  intensity,  steadiness,  for¬ 
mation  of  craters  at  the  positive  elec¬ 
trode  and  the  rate  at  which  carbons 
are  consumed.  Such  arcs  are  more 
critical  with  respect  to  current  dens- 
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Carbon  arc  electrode  feed  control.  Change 
in  arc  current  acts  to  speed  up  or  slow 
down  the  driee  motor  as  carbons  burn 
away  and  so  automatically  maintains  the 
most  efficient  spacing 

ity  than  to  voltage  across  their  elec¬ 
trodes,  hence  current  variations  may 
be  employed  as  a  source  of  energy  to 
automatically  adjust  the  arc  gap  for 
optimum  performance. 

Where  the  source  of  d.c.  operating 
the  arc  is  pulsating  in  character,  as 
from  an  unfiltered  half-wave  recti¬ 
fier,  the  circuit  shown  provides  suit¬ 
able  control.  A  heavy  shunt  having  a 
value  sufficient  to  produce  10  milli¬ 
volts  drop  across  the  primary  of 
transformer  T  is  connected  in  series 
with  the  power  supply  feeding  the 
arc.  The  secondary  winding  of  T 
delivers  25  volts  to  the  type  27  tube 
used  as  a  diode  rectifier  and  d-c  volt¬ 
age  developed  by  this  rectifier  is  ap¬ 
plied  as  negative  bias  to  the  grid  of 
the  2A4G  thyratron. 

The  arm  of  /?,  is  rotated  to  the 
most  negative  point  and,  with  the  arc 
burning,  R.,  is  adjusted  until  the  car¬ 
bon-feed  motor  driving  the  elec¬ 


trodes  closer  together  as  the  carbons 
are  consumed,  is  just  barely  turning 
over.  Ri  is  then  varied  until  the  arc 
assumes  its  most  efficient  length, 
held  at  this  position  until  the  carbon 
crater  forms  and  is  then  re-adjusted 
for  optimum  arc  length.  Thereafter, 
any  increase  in  arc  current  caused 
by  too  rapid  carbon  feed  develops  a 
higher  negative  bias  on  the  grid  of 
the  thyratron,  cuts  this  tube  off  and 
slows  down  the  feed  motor.  Con¬ 
versely,  any  decrease  in  arc  current 
speeds  the  motor  up. — Flaherty, 
Electronics,  March,  1942,  p.  65. 

Auto  Distributor 
Point  Checker 

Adjustment  of  automobile  dis¬ 
tributor  point  spacing  by  means  of  a 
feeler  gauge  does  not  insure  opti¬ 
mum  ignition  system  performance  in 
high-speed  engines.  Sparking  volt¬ 
age  is  dependent  upon  current  flow¬ 
ing  in  the  primary  of  the  ignition 
coil  at  the  moment  the  points  break 
and  the  value  to  which  current  may 
build  up  is  limited  by  the  length  of 
time  the  points  are  closed  between 
breaks.  The  device  diagrammed  pro¬ 
vides  a  visual  indication  of  the  per¬ 
centage  of  time  points  are  closed. 
Its  meter  may  also  be  calibrated  to 
indicate  distributor  point  driving 
cam  angle,  the  method  of  checking 


preferred  by  the  automotive  indus¬ 
try.  Voltage  developed  across  a  con¬ 
denser  and  then  discharged  supplies 
motivating  energy. 

Input  terminals  D  and  G  are  con¬ 
nected  across  the  condenser  place<l 
in  parallel  with  the  points  by  the 
automobile  manufacturer  to  mini¬ 
mize  point  burning.  When  the  points 
are  closed,  or  switch  S,  is  in  the  “set” 
position  so  that  the  meter  may  be  ad¬ 
justed  to  full  scale  by  varying  the 
7,500  ohm  resistor,  the  input  to  the 
6H6  rectifier  tube  is  short-circuited 
and  no  current  flow's  in  the  25,000 
ohm  resistor  constituting  the  load 
for  this  tube.  The  grid  of  the  884 
thyratron,  connected  to  cathode 
through  this  same  resistor,  receives 
no  bias  voltage  and  the  22i  volt  bat¬ 
tery  potential  initiates  a  discharge 
and  causes  anode  current  to  flow 
through  the  meter. 

When  the  distributor  points  open, 
an  oscillation  voltage  appears  across 
the  condenser  in  parallel  with  the 
points.  Voltage  appears  across  the 
input  to  the  6H6,  rectified  current 
flows  through  the  25,000  ohm  re¬ 
sistor  and  a  voltage  drop  appears 
across  it.  The  grid  of  the  884  re¬ 
ceives  a  large  negative  bias  voltage 
sufficient  to  stop  discharge  and  cut 
off  anode  current  flowing  through 
the  meter.  Ionization  of  a  thyratron 
operating  on  d.c.  may  be  stopped  in 
this  unconventional  manner  provided 
current  flow’ing  in  the  anode  circuit 
is  limited  as,  in  this  case,  by  the 
7,500  and  1,500  ohm  resistors. 


Distributor  point  checker.  It  draws  only  two  to  three  ma  from  the  ignition 
system  to  which  it  is  connected  and  spark  intensity  is  not  affected  by  this 
negligible  primary  circuit  loading 
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T  N  Sections  I  and  II  of  this  discussion  of  tubes 
^  as  applied  to  industrial  problems  will  be  found 
first,  a  treatment  of  the  several  types  of  tubes 
used  and  their  characteristics,  and  second,  how 
these  tubes  are  integrated  into  electrical  circuits; 
i.e.  how  tubes  act  as  amplifiers,  as  rectifiers,  as 
energy  converters,  etc.,  and  how  tubes  are  asso¬ 
ciated  with  relays,  resistances,  capacitances  and 
other  electric  or  mechanical  equipment. 

In  Section  III  will  be  found  many  typical  exam¬ 
ples  of  how  tubes  are  used  in  industry.  No  pre¬ 
tense  is  made  that  the  following  pages  cover  the 
entire  field  of  electronics  in  industry.  Only  a 
dictionary-sized  book  could  do  that.  This  third 
section  is  intended  as  an  idea  stimulator;  as  a 
place  to  look  when  the  engineer  seeks  ways  in 


which  tubes  might  solve  problems.  Although 
the  applications  are  specific,  the  basic  phenome¬ 
non  back  of  each  one  of  them  may  be  applied 
in  many  other  ways. 

The  applications  are  divided  into  three  major 
divisions  so  that  the  reader  may  more  easily 
find  what  he  is  looking  for.  These  divisions  are 
arranged  according  to  the  control  stimulus  that 
is  available  to  make  the  tube  perform  its  job. 
Thus  there  are  applications  depending  upon  an 
electrical  stimulus;  upon  a  physical  or  chemical 
stimulus;  and  upon  a  light  stimulus.  In  each 
case  the  basic  phenomenon  is  outlined,  sufficient 
detail  is  given  to  explain  the  use  to  which  the 
tube  is  put,  and  a  reference  tells  where  the  read¬ 
er  may  find  more  complete  data. 


Extinction  of  the  thyratron  dis- 
charjre  does  not  occur  simultaneously 
with  the  opening  of  the  distributor 
points  but  is  slightly  delayed.  This 
delay  is  capable  of  introducing  con¬ 
siderable  measurement  error.  The 
error  is  made  negligible  by  the  in¬ 
clusion  of  the  2,000  ixfif  capacitor, 
which  delays  initiation  of  the  dis¬ 
charge  when  the  points  close  by  ap¬ 
proximately  the  same  amount. — Elt- 
groth.  Electronics,  April,  1942. 
p.  34. 

Pinhole  Detector 

Rubberized  canvas  sheeting  is 
passed  between  two  rollers  which 
are  saturated  with  a  conducting 
liquid.  Each  roller  is  connected  to 
the  grid  circuit  of  an  over-biased 
amplifier.  If  there  is  even  an  ex¬ 
tremely  small  pinhole  in  the  canvas, 
the  conducting  liquid  will  penetrate 
it  and  form  a  conducting  path 
through  the  canvas.  Thus,  a  positive 
voltage,  whose  value  is  determined 


Pinhole  detector  circuit  diagram.  Thii  in¬ 
strument  will  sound  on  alarm  or  mark 
the  location  oi  the  pinhole 


by  the  voltage  divider  made  up  of 
the  32,000-ohm,  the  1,000-ohm,  the 
5,000-ohm  resistors  and  the  con¬ 
ducting  liquid  between  the  rollers,  is 
applied  to  the  grid  of  the  pentode. 
This  reduces  the  bias  on  the  grid  and 
permits  an  anode  current  to  fiow  for 
an  instant.  This  impulse  is  passed 
on  to  the  grid  of  a  gas  triode  which 
then  actuates  a  relay.  The  relay 
operates  an  alarm  or  a  marking  de¬ 
vice  to  locate  the  defect.  This  circuit 
must  be  operated  on  a.c.  with  one 
side  grounded  so  that  the  grid  of 
the  gaseous  triode  can  gain  control 
after  each  operation. — Electronic 
Engineeritif)  (London),  July  1941. 

Power  Factor  Meter 

This  method  of  measuring  power 
factor  involves  the  use  of  a  thyratron 
whose  anode  current  is  a  function 
of  the  pha.se  angle  between  a  voltage 
and  a  current.  Line  voltage,  or  a 
voltage  having  the  same  phase  as  the 
line  voltage,  is  applied  to  the  anode 
and  another  voltage  who.se  phase  is 
the  same  as  the  load  current  is  ap¬ 
plied  to  the  grid.  The  grid  voltage 
is  obtained  by  passing  the  load  cur¬ 
rent  through  a  resistor  and  passing 
the  voltage  across  the  resistor 
through  a  step-up  transformer  to 
attain  the  proper  value.  Since  con¬ 
duction  in  a  gaseous  tube  cannot  or¬ 
dinarily  be  stopped  by  increasing  the 
negative  potential  of  the  control 
grid,  lagging  power  factors  cannot 
be  measured  because  all  such  factors 
would  give  the  same  indication  on 


the  anode  current  meter.  To  over¬ 
come  this  an  adjustable  phase-shift¬ 
ing  network  is  employed  in  the  grid 
circuit  so  that  any  point,  preferably 
the  midpoint,  of  the  meter  scale  may 
be  used  to  indicate  unity  power  fac¬ 
tor  with  lower  anode  currents  to  in¬ 
dicate  lagging  power  factors  and 
higher  anode  currents  to  indicate 
leading  power  factors.  In  some  cases 


Power  factor  meter  circuit  diagram.  The 
anode  voltage  is  in  phase  with  the  line 
voltage  and  the  grid  voltage  is  in  phase 
with  the  load  current.  The  average  anode 
current  is  a  meosure  of  the  phase  angle 
between  the  load  voltage  and  current 

it  may  be  desirable  to  have  the  unity 
power  factor  points  at  different 
points  of  the  scale.  This  may  be  done 
by  proper  selection  of  the  condensers 
of  the  grid  phase  shifting  networks. 
The  anode  current  is  rectified  by  a 
copper  oxide  rectifier  and  a  d-c  meter 
is  calibrated  in  power  factor.  The 
same  meter  may  be  used  for  measur¬ 
ing  both  the  rectified  anode  current 
and  the  a-c  grid  voltage. — Bereskin, 
Eiectronics,  October,  1941,  p.  38. 
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Anti-Electrolysis  Relay 

When  a  gas  main  is  located  close  to 
an  electric  railway,  stray  currents 
from  the  railway  frequently  damage 
the  main  by  producing  electrolytic 
action  and  corrosion.  Damage  is 
done  when  the  main  is  at  positive 
potential  with  respect  to  the  rails, 
causing  a  current  flow  from  rails  to 
main.  It  may  be  avoided  by  using  a 
directional  relay  circuit  such  as  the 
one  illustrated  which  employs  a  thy- 
ratron  tube. 

When  the  rails  are  positive  with 


Anti-clectrolyBia  relay.  This  circuit  pro¬ 
tects  a  gas  main  by  preventing  current 
flow  from  electrified  railway  tracks  to 
main 

respect  to  the  gas  main,  voltage  from 
the  tie-wire  tap  bucks  the  fixed  bias 
supplied  to  the  grid  of  the  FG-17  by 
the  Rectox  unit,  making  the  grid  of 
the  tube  less  negative  with  respect 
to  the  cathode.  The  tube  conducts 
and  anode  current  closes  relay  R, 
which  closes  contactor  C  and  permits 
current  to  flow  from  main  to  rails. 
Reversal  of  external  voltage  polarity 
produces  an  increase  in  negative  bias 
on  the  tube,  causing  it  to  cease  con¬ 
ducting  and  opening  up  the  tie-wire 
circuit  between  main  and  rails. — 
Davis  and  Wainwright,  Electronics, 
March,  1942,  p.  72. 

Electrostatic  Powder 
Separator 

Certain  dry,  powdered  materials 
may  be  separated  from  each  other 
by  electrostatic  action.  In  the 
chemical  field,  for  example,  among 
the  materials  which  may  be  separated 
in  this  manner  are  .sphalerite  and 


iron  pyrites,  graphite  and  mica, 
biotite  micas  and  muscovites,  garnet 
and  metal  particles.  These  have  es¬ 
sentially  different  electrical  char¬ 
acteristics  and  this  difference  pro¬ 
vides  a  means  of  attack. 

The  materials  electrically  unlike 
to  be  separated  are  passed  over  or 
between  electrodes  charged  to  about 
15,000  volts  d.c.  One  material  picks 
up  and  retains  a  charge  in  its 
passage  over  or  between  electrodes 
sufficient  to  cause  it  to  adhere  to  an 
electrode.  The  other  material  flows 
unimpeded  through  the  separator  to 
a  collecting  hopper.  High  voltage 
d.c.  to  operate  such  separators  is 
readily  obtained  by  stepping  up  a-c 
power  line  voltages  through  suitable 
transformers  and  then  rectifying 
electronically. — Electronics,  Janu¬ 
ary,  1942,  p.  58. 

Remote  Control  of 
Camera  Focus 

If  one  optical  element  of  a  complex 
photographic  lens  system  is  substi¬ 
tuted  for  the  conventional  cone  of  an 
electro-dynamic  loudspeaker,  focus 
of  the  lens  system  may  be  adjusted 
by  electrical  remote  control. 

A  constant  d-c  potential  is  fed  to 
the  field-coil  of  the  unit.  A  variable 
source  of  d.c.  is  connected  to  the  coil 
carrying  the  movable  optical  element. 
By  altering  the  lens-coil  potential 
and/or  polarity  this  coil  may  be 
caused  to  assume  various  positions 
with  respect  to  the  field  coil,  hence 
the  movable  optical  element  may  be 
made  to  assume  various  positions 
with  respect  to  the  fixed  lens  ele¬ 
ments. 

If  a.c.  is  also  fed  to  the  lens  coil 


Electronically  controlled  lens  of  a  motion 
picture  camera.  The  principle  appears  to 
have  possibilities  for  use  in  connection 
with  other  optical  devices 


this  coil  may  also  be  caused  to  oscil¬ 
late  back  and  forth  about  an  axis,  the 
speed  of  oscillation  being  dependent 
upon  the  frequency  of  the  supply 
voltage  and  the  distance  of  travel 
being  dependent  upon  its  amplitude. 
If  the  lens  system  is  designed  so  that 
changes  in  focal  length  do  not  result 
in  changes  in  image  size,  lens  ele¬ 
ment  oscillation  can  materially  in¬ 
crease  the  depth  of  focus.  The  source 
of  a.c.,  variable  with  respect  to  fre¬ 
quency  and  amplitude,  may  be  a 
vacuum  tube  oscillator. — MacDon¬ 
ald,  Electronics,  March,  1942.  p.  44. 


Precipitator  for  Matter 
Suspended  in  Gases 

It  is  known  that  suspended  matter 
in  smoke,  fumes  or  fog  can  be  floc¬ 
culated,  or  caused  to  form  clouds  or 
masses  which  precipitate,  by  high 
frequency  sound  vibrations  of  the 
order  of  17,000  cps.  This  knowledge 
has  distinct  industrial  possibilities 
but  one  stumbling-block  is  the  design 
of  sound  generators  which  will  de¬ 
velop  sufficient  power  for  the  pur¬ 
pose. 

One  experimental  generator  com¬ 
prises  a  solid  cylinder  of  duralumin 
supported  in  an  open-ended  housing 
by  an  annular  web  or  ring  which  is 
an  integral  part  of  the  cylinder  and 
extends  out  from  its  mid-section.  A 
driving  ring  electrically  equivalent 
to  a  single-turn  coil,  also  made  as  an 
integral  part  of  the  cylinder  and  at 
its  bottom  end,  projects  into  the 
radial  gap  of  a  pot  magnet  energized 
by  a  field  coil.  The  ring  is  induc¬ 
tively  excited  by  an  adjacent  driving 
coil.  The  unit  thus  resembles  a  dy¬ 
namic  loudspeaker  in  construction, 
the  duralumin  cylinder  taking  the 
place  of  the  conventional  diaphragm 
or  cone  and  the  “voice-coil”  being 
driven  inductively  to  eliminate  fric¬ 
tional  damping. 

The  cylindrical  duralumin  cylinder 
is  designed  to  vibrate  at  one  critical 
frequency  and  is  an  extremely  effi¬ 
cient  device  for  translating  electrical 
energy  into  high  frequency  sound 
at  this  frequency.  Efficiency  is  so 
critical  with  respect  to  frequency,  in 
fact,  that  it  is  desirable  to  use  the 
sound  generating  device  itself  as  a 
frequency  control  element  for  the 
electronic  equipment  w’hich  supplies 
driving  power.  This  is  done  by 
placing  a  small  disc  of  metal  on  the 
top  of  the  pot  magnet  and  insulated 
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from  it  by  a  thin  disc  of  Bakelite. 
This  disc,  in  conjunction  with  the 
closely  adjacent  bottom  end  of  the 
duralumin  cylinder  or  vibrator, 
serves  as  a  condenser  microphone 
connected  to  the  input  circuit  of  an 
associated  amplifier.  It  will  thus  be 
seen  that  the  overall  equipment  op¬ 
erates  as  a  mechano-electronic  oscil¬ 
lator,  a.c.  generated  by  changes  in 
spacing  between  the  plates  of  the 
condenser  microphone  energizing 
the  amplifier  at  the  resonant  fre¬ 
quency  of  the  duralumin  cylinder 
and  supplying  power  for  the  opera¬ 
tion  of  the  sound  generator  at  that 
frequency. 

Amplifier  power  output  used  in 
recent  experiments  has  been  about 
200  watts.  Overall  translator  effici¬ 
ency  of  the  order  of  30  percent  or 
more  has  been  obtained. — St.  Clair, 
Review  of  Scientific  InMrttments, 
May,  1941,  p.  250. 


Hi9h-ir*qu«ncy.  high-power  sound  gener¬ 
ator.  Critically  resonant,  it  serres  as  its 
own  ireguency  controlling  source 


Magnetic  Field  Plotter 

The  magnetic  field  pattern  of 
coils  may  be  automatically  plotted 
on  paper  records  by  means  of  the 
device  illustrated  here  in  elemental 
form. 

The  coil  to  be  tested  is  fastened  to 
the  center  of  the  turntable  shown  at 
the  left  and  energized  by  a.c.  Both 
turntables  are  held  still  and  the 
search  coil-recording  stylus  drive 
mechanism  is  started,  causing  the 
search  coil  to  approach  the  center  of 


Automatic  coil  field  plotting  machine  in  elemental  form 


the  test  coil  turntable  while  the  re¬ 
cording  stylus  approaches  the  center 
of  the  recording  turntable.  During 
this  period  the  recording  stylus 
draws  a  line  from  the  periphery  of 
the  paper  disc  toward  its  center.  At 
a  point  determined  by  the  strength 
of  the  test  coil  field  and  by  the  sensi¬ 
tivity  adjustment  of  the  amplifier 
sufficient  voltage  is  induced  into  the 
search  coil  to  trip  the  electronic  re¬ 
versal  switch  and  the  mechanical 
link  returns  both  search  coil  and 
recording  stylus  toward  the  periph¬ 
eries  of  their  respective  turntables. 
When  the  peripheries  are  reached  a 
mechanically  actuated  limit  switch 
starts  a  motor  which  turns  both 
turntables  simultaneously  to  the  next 
index  position,  stops  them  and  then 
starts  search  coil  and  stylus  once 
more  toward  the  centers  of  the  turn¬ 
tables. 

It  will  be  .seen  that  when  this 
cycling  process  has  been  completed 
for  every  index  position  around  the 
entire  360  degrees  of  turntable  rota¬ 
tion  the  configuration  of  the  test 
coil  field  may  be  determined  by  not¬ 
ing  the  shape  of  the  pattern  formed 
by  the  inner  ends  of  the  lines  drawn 
on  the  paper  record.  In  practice,  the 
stylus  of  the  field  plotting  device 
may  be  a  fine  metal  wire  and  the 
paper  record  may  be  of  high  re¬ 
sistance  metallic  material.  If  a  spark 
is  caused  to  arc  through  the  paper 
record  at  the  instant  the  search  coil 
reaches  its  innermost  point  of  travel 
and  no  record  trace  is  made  except 
at  this  instant  field  configuration 
may  be  determined  as  before  and  the 
record  may  be  re-used  for  other  posi¬ 
tions  of  the  test  coil  or  other  test 
coil  plots.  It  is  also  practical  to 
energize  the  test  coil  with  d.c.  if 
the  search  coil  is  arranged  so  that  it 
rotates  at  a  constant  and  high  rate 


of  speed,  rotation  of  the  search  coil 
providing  the  a-c  impulses  necessary 
for  operation  of  the  amplifier. — 
Weiller,  Electronics,  May,  1942,  p. 
52. 


Fader  for  Neon  Signs 

The  brilliancy  of  neon  signs  can¬ 
not  be  effectively  reduced  by  cutting 
down  the  a-c  voltage  applied  to  them 
by  conventional  means,  such  as  tap¬ 
ping  down  on  the  transformer  .sec¬ 
ondary  or  introduction  of  a  primary 
circuit  “losser”,  since  ionization  pro¬ 
ducing  the  characteristic  glow  will 
cease  before  the  voltage  has  been 
dropped  enough  to  produce  percep¬ 
tible  dimming.  Brilliancy  may,  how¬ 
ever,  be  reduced  by  varying  the  time 
in  each  cycle  during  which  voltage  is 
applied.  This  amounts  to  reduction 
in  effective  a-c  voltage  but  if  a  gas¬ 
eous  control  tube  is  used  in  the  pri¬ 
mary  of  the  sign  transformer  to  ac¬ 
complish  it  the  surge  voltage  intro¬ 
duced  by  the  sharp  starting  charat- 


Fader  circuit  ior  neon  signs,  using  Per- 
matron  magnetically  controlled  tubes 
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teristic  of  the  tube  will  be  sufficient 
to  ignite  the  sign  even  at  low  bril¬ 
liancy  levels. 

The  figure  show’s  a  method  of  fad¬ 
ing  a  neon  sign  of  one  color  into  a 
neon  sign  of  another  color.  Perma- 
tron  tubes  are  magnetically  con¬ 
trolled  by  a  phase-shift  circuit  con¬ 
sisting  of  reactors  Lj  and  resistor  iJt. 
The  inductance  of  the  reactors  is 
periodically  varied  in  opposite  se¬ 
quence  by  a  synchronous  motor- 
driven  cam  which  moves  iron  in  and 
out  of  the  gaps  in  the  reactor  cores. 
The  amount  of  inductance  in  the  re¬ 
actors  at  a  given  instant  determines 
the  amount  of  voltage  magnetically 
applied  to  the  Permatrons  and  there¬ 
fore  controls  conduction. 

Condenser  C*  resonates  the  control 
coils  to  reduce  the  load  on  the  phase- 
shift  circuits. — Overbeck,  Electron¬ 
ics,  April,  1939,  p.  25. 

Overvoltage  Relay 

Equipment  may  be  protected  against 
overvoltage  by  a  relay  making  use 
of  a  gaseous  triode.  The  line  voltage 
i.s  applied  to  the  anode  in  series  with 
an  electromagnetic  relay  and  a  por¬ 
tion  of  the  line  voltage  is  reversed 
in  phase  and  reduced  (in  a  trans¬ 
former)  to  a  point  near  the  critical 


Thit  OTenroltage  relay  reTerses  the  phase 
of  the  line  Toltage.  reduces  it  to  a  Toltage 
close  to  the  critical  grid  roltage  ol  a  type 
885  gaseous  triode.  and  applies  it  to  the 
grid  to  control  a  power  line  relay 

grid  voltage  for  application  to  the 
grid.  The  circuit  is  shown  in  the  ac¬ 
companying  diagram.  A  voltage  di¬ 
vider  consisting  of  a  400-ohm  rheo¬ 
stat  and  a  40-watt  incandescent  lamp 
is  connected  directly  across  the  line 
and  a  step-down  transformer  is  con¬ 
nected  across  the  lamp.  The  second¬ 
ary  of  the  transformer  applies  volt¬ 


age,  its  phase  reversed,  between  the 
cathode  and  the  grid.  When  the  line 
voltage  increases,  the  grid  voltage 
increases  in  a  negative  direction  and, 
at  a  point  determined  by  the  setting 
of  the  rheostat,  will  cause  the  type 
885  tube  to  cease  passing  current 
thereby  de-energizing  the  relay  and 
opening  the  line  switch.  The  purpose 
of  using  the  lamp  is  to  magnify  the 
voltage  increase  somewhat  because 
of  the  temperature-resistance  char¬ 
acteristic  of  the  filament. — Kretsch- 
mar,  ELECTRONICS,  February,  1941, 
p.  48. 

Checking  Internal 
Soldered  Joints 

The  quality  of  the  internal  sol¬ 
dered  joints  between  the  handle  and 
the  tang  of  a  table  knife  is  checked 
by  the  degree  of  absorbtion  of  x-rays 
in  joint  (depends  upon  the  amount 
of  lead  present)  at  the  factory  of 
Oneida,  Ltd.  If  such  a  joint  is  satis¬ 
factory,  the  x-rays  will  be  almost 
entirely  absorbed,  but  if  the  joint  is 
imperfect,  x-rays  will  pass  through 
the  knife  and  into  a  chamber  where 
the  air  will  be  ionized  to  some  de¬ 
gree.  If  a  pair  of  oppositely  charged 
electrodes  are  placed  within  the 
chamber,  a  very  small  current  will 
flow  because  of  the  migration  of 
ions  to  the  electrodes.  In  this  par¬ 
ticular  case  the  amplitude  of  the 
current  is  of  the  order  of  10  *  (one 
billionth)  ampere.  To  make  this 
current  useful  in  rejecting  a  de¬ 
fective  knife,  a  vacuum  tube  ampli¬ 
fier  of  unusual  design  is  used.  A 
type  954  acorn  tube  w’ith  low  voltages 
applied  to  the  electrodes  is  used.  The 
plate  voltage  is  7.7  v  and  the  voltage 
on  the  first  grid  is  positive.  The 


filament,  how’ever,  operates  at  normal 
voltage.  The  ionization  current  is 
passed  through  a  2500-megohm  re¬ 
sistor  and  the  resultant  voltage  is 
applied  to  the  suppressor  grid.  This 
causes  a  larger  current  to  pass 
through  the  tube  and  to  operate  a 
relay  in  the  plate  circuit.  A  second 
relay  actuates  the  reject  solenoid. 
This  device  is  capable  of  testing 
table  knives  at  the  rate  of  1400  per 
hour. — Woods  and  Kenna,  Electron¬ 
ics,  April  1941,  p.  29. 

Resistance  Welding 
Control 

Resistance  welding  may  theoreti¬ 
cally  be  accomplished  by  connecting 
welding  electrodes  to  the  low-voltage, 
high-current  secondary  of  a  welding 
transformer  and  supplying  the  pri¬ 
mary  of  the  transformer  w’ith  a.c. 
This  w’ould  be  equivalent  to  using  the 
upper  part  of  the  circuit  shown  in 
the  accompanying  figure,  including 
the  connection  indicated  as  a  dotted 
line  and  excluding  everything  be¬ 
neath  this  line.  In  practice,  satisfac¬ 
tory  welds  could  scarcely  be  made  in 
this  manner  due  to  variations  in  the 
resistance  of  metals  to  be  welded. 
Extremely  low’  resistance,  for  ex¬ 
ample,  would  permit  all  the  current 
available  from  the  line  and  passed 
by  the  transformer  to  flow’  through 
the  work,  w’ith  the  result  that  either 
the  work  or  the  electrodes  or  both 
would  burn  up.  Some  method  of  con¬ 
trolling  the  amount  of  current  flow¬ 
ing  through  the  w'ork,  or  the  time 
during  which  current  flows,  or  both, 
is  required. 

In  the  basic  circuit  shown,  one  leg 
of  the  a-c  supply  line  is  broken  and 
{Continued  on  page  98) 
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Circuit  diagram 
of  the  amplifier 
used  to  increase 
the  current 
through  the  ioni¬ 
zation  chamber 
from  a  ralue  ol 
10'*  ampere  to 
a  level  which  is 
capable  oi  oper¬ 
ating  relays  and 
a  solenoid 
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Stimulus — PHYSICAL  or  CHEMICAL 


BIcmmI  Pressure  Recorder 

When  blood  pressure  is  determined 
by  a  physician  an  inflatable  cuff  is 
placed  around  the  arm  of  the  patient 
and  a  stethoscope  is  applied  below 
the  cuff.  The  pressure  in  the  cuff  is 
raised  above  systolic  pressure  (heart 
contracted)  and  allowed  to  fall  grad¬ 
ually.  When  pressure  in  the  cuff  is 
slightly  below  systolic  pressure  the 
arterial  walls  slap  together  rhythm¬ 
ically  and  produce  sounds  which 
may  be  heard  in  the  stethoscope  un¬ 
til  cuff  pressure  falls  below  diastolic 
pressure  (heart  relaxed),  at  which 
time  the  sounds  cease. 

Systolic  and  diastolic  blood  pres¬ 
sures  may  be  recorded  automatically. 
An  air  pressure  recording  instru¬ 
ment  is  substituted  for  the  gage.  A 
contact  microphone  or  stethophone 
is  substituted  for  the  stethoscope 
and  drives  an  amplifier,  the  output 
of  which  operates  a  pen  which 
makes  intermittent  marks  on  the 
edge  of  the  pressure  chart  so  long  as 
sounds  are  present  as  outlined  above. 
Thus  the  physician  need  not  listen 
for  blood  sounds  but  may  merely 
note  recorded  cuff  pressures  at 
points  where  blood  sound  stylus 
marks  start  and  stop. 

Recent  refinements  eliminate  the 
necessity  for  manipulating  the  air 
valves  and  repeat  measurements  are 
made  automatically  at  intervals  of  a 
few  seconds  or  minutes.  A  motor 
driven  switch  opens  and  closes  in¬ 
take  valve  V^  at  required  intervals. 
A  thyratron  tube  circuit  opens  and 
closes  outlet  valve  V’.,  starts  and 
stops  movement  of  paper  through 


the  recording  instrument,  controls 
circuit  timing. — Gilson,  Electronics 
— May,  1942,  p.  54. 

Gcipacity  Burglar  Alarm 

If  a  wire  or  antenna  is  stretched 
out  a  few  feet  above  the  ground  on 
insulated  supports  there  will  be  a 
definite  electrical  capacity  between 
that  wire  and  the  ground.  Movement 
of  a  foreign  body  into  the  field  of 
the  wire  will  increase  antenna-to- 
ground  capacity.  Weeds  growing 
up  beneath  the  wire,  change  in 
ground  conductivity  due  to  moisture 
or  formation  of  ice  on  the  wire  will 
also  increase  capacity,  producing  a 
false  alarm  unless  the  circuit  is  de¬ 
signed  to  be  insensitive  to  relatively 
slow  capacity  changes. 


One  effective  method  of  accom¬ 
plishing  the  above  objective  is  il¬ 
lustrated  in  the  block  diagram.  A 


radio-frequency  oscillator  is  tuned 
to  a  given  frequency  and  coupled 
through  an  intermediate  coil  to  a 
rectifier  tuned  to  the  same  frequency. 
The  intermediate  coil  forms  part  of 
the  antenna  circuit  and  is  tuned  to  a 
frequency  slightly  higher  than  that 
of  the  oscillator  and  rectifier.  The 
d-c  output  of  the  rectifier  is  ampli¬ 
fied,  delivering  current  to  the  signal¬ 
ling  relay  only  when  it  receives  sharp 
pulses  of  input  voltage.  Slow  input 
voltage  changes  leak  off  the  coupling 
capacitors  to  ground  through  the 
amplifier  grid  resistors  before  volt¬ 
age  can  build  up  sufficiently  to  trip 
the  relay. 

When  an  intruder  enters  the  field 
of  the  antenna,  increased  antenna-to- 
ground  capacity  is  reflected  back  into 
the  antenna  coil.  This  intermediate 
coupling  circuit  more  closely  ap¬ 
proaches  the  resonant  frequency  of 
the  o.scillator  and  rectifier,  coupling 


between  oscillator  and  rectifier  is  in¬ 
creased  and  the  d-c  amplifier  receives 
a  sharp  pulse  of  input  voltage.  Or,  if 
the  designer  so  desires,  the  circuit 
may  be  arranged  so  that  when  the 
antenna  approaches  the  resonant  fre¬ 
quency  of  the  oscillator  sufficient 
power  is  absorbed  from  the  oscillator 
circuit  to  “rob”  the  detector  of  input 
power  and  produce  a  sharp  decrease 
in  input  voltage  to  the  d-c  amplifier. 
Either  method  of  coupling  will  actu¬ 
ate  such  an  alarm. — Mac  I)t)nald. 
Electronics,  February,  1942.  p.  38. 


Hydraulic  Flow 
Indicator 

.Many  industrial  processes  require 
continuous  indication  of  the  rate  of 
flow  of  a  licpiid.  Others  recjuire  only 


stethophone 


Time 

switch 


Solenoid  > 
Compressed  I 


Cuff  To  chart 
/<-*v  motor 

(o) 


Sound 

recorder 

sty/us^^ 


Blood  pressures  are  recorded  usinq  an  air  pressure  and  sound  pressure 
actuated  styli.  Cyclinq  oi  the  device  is  accomplished  by  electronic 

control 


Block  diagram  oi 
capacity  operated 
alarm  designed  ior 
outdoor  boundary 
protection  service. 
It  employs  a  circuit 
minimizing  eiiects 
oi  relatively  slow 
changes  in  capac¬ 
ity  caused  to  grow* 
ing  weeds  and  by 
rain,  ice  and  snov. 


Addi-Hona!  200-feef 

■  '  optional  /  . 

^  1 - ^ 

CoupHna  coH 

(  higher  in  frequency 


,  200- f oof  onfenna 
/  3~feef  above  ground 


From 

A-C  disfribufion  box 
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Hydraulic  flow  indicator.  It  counts  when  conunutotor  rotcrtion  speed  is  sub-normal 


that  sub-normal  rates  of  flow  be  indi-  must  be  continuously  measured  or 
cated.  This  electronic  device  oper-  recorded  and  it  is  desirable  that  the 
ates  a  counter  when  liquid  flow  is  measurement  equipment  introduce  a 
sub-normal.  The  portion  of  time  in  minimum  of  physical  disturbance  at 
a  given  period  in  which  flow  is  sub-  the  surface  of  the  liquid  the  operat- 
normal  may  be  calculated.  ing  principle  of  the  device  shown 

Commutator  C  is  rotated  by  the  will  be  found  useful, 
flowing  liquid  in  any  desired  manner.  The  resistance  between  a  sharply 
When  it  is  in  the  position  shown,  pointed  metal  electrode  and  the  sur- 
thyratron  tube  grids  are  biased  suffi-  face  of  the  liquid  is  used  as  the  vari- 
ciently  negative  with  respect  to  cath-  able  arm  of  a  bridge  circuit  ener- 
odes  by  battery  V,  to  prevent  flow  of  gized  by  a.c.  The  resistance  of  the 
anode  current  through  the  counter,  variable  arm  is  dependent  upon  the 
As  the  commutator  rotates,  brush  A  area  of  the  metal  electrode  contacted 
breaks  contact  with  C  while  brush  B  by  the  liquid ;  therefore  bridge  out- 
makes  contact  with  C.  In  this  posi-  put  voltage  is  proportional  to  un- 
tion  battery  Vi  charges  capacitor  Ci  balance  caused  by  rise  or  fall  in 
through  variable  resistor  /?,.  If  the  liquid  level, 
voltage  across  Ci  reaches  a  value  suf-  Bridge  output  voltage  is  amplified  the  metal  electrode  touches  the  liquid 
ficient  to  “neutralize”  the  negative  and  applied  to  the  grids  of  two  thy-  surface  due  to  follow-up  action, 
bias  supplied  by  V.  the  thyratrons  ratron  rectifier  tubes  w’hose  anodes  Mechanical  movement  of  the  metal 
fire  and  their  anode  current  operates  are  operated  from  the  same  a-c  electrode  may  be  used  to  move  a  level- 
the  counter.  source  that  drives  the  bridge.  Thy-  indicating  stylus  or  to  actuate  a  con- 

The  time  required  to  charge  Ci  is  ratron  grid-anode  voltage  phase  re-  tinuous  recorder. — Ware,  Electron- 
dependent  upon  the  resistance  of  lationship  as  controlled  by  the  bridge  ics,  March,  1940,  p.  23. 

Ri.  T©  adjust  the  instrument  the  output  voltage  permits  only  one  thy-  (Continued  of)  page  102) 

commutator  is  rotated  at  normal 
speed  and  the  value  of  /?,  is  set  so 
the  thyratrons  are  on  the  verge 
the  commutator 

faster  than  normal,  brush  B  is  in 
contact  with  C  so  short  a  time  in 
each  rotation  cycle  that  the  thyra- 
cannot  fire  under  anode 
the  com- 

mutator  revolve  slower  than  normal, 
however,  C,  charging  time 

that  the  tubes  fire  and 
counter  operates  once  cycle 
sub-normal  flow 

— Ware,  Electronics, 


Fundamental  circuit  often  used  lor  con¬ 
trolling  direction  of  rotation  of  a  motor  by 
mean!  of  a  phase-thifting  bridge 


Liquid  Level  Indicator  ' 

Where  the  level  of  a  liquid  having 
appreciable  electrical  conductivity 


Liquid  level  indicator.  A  metal  electrode  touching  the  surface 
of  the  liquid  follows  the  surface  closely  as  level  rises  or  falls 
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Stimulus — LIGHT 


Control  of 
Bessemer  Converter 

Investigation  of  the  luminous 
energy  content  of  the  flame  of  a 
Bessemer  converter  has  shown  that 
the  quality  of  the  steel  produced 
bears  a  direct  relation  to  the  history 
of  the  flame.  A  record  is  made  by 
photoelectric  means  at  the  steel  plant 
of  the  Jones  and  Laughlin  Steel 
Corp.  in  Pittsburgh,  and  this  record 
is  used  in  controlling  the  operation 
of  the  converter. 

The  phototube  unit  is  located  in 
this  particular  case  about  60  feet 
from  the  converter  and  is  so  ar¬ 
ranged  that  light  from  other  sources 
do  not  affect  its  operation.  Suitable 
filters  are  used  to  emphasise  the 
characteristics  of  the  flame  which 
are  most  important  to  the  character- 
i.stics  of  the  steel  being  produced. 


Arrangement  oi  the  photoelectric  equip¬ 
ment  in  relation  to  the  ilame  oi  the  Besse¬ 
mer  conrerter 


In  the  graph  point  A  is  the  start 
of  the  blow  and  the  direction  of 
increasing  time  is  from  right  to 
left.  A-B  is  called  the  silicon  blow 
because  a  large  part  of  the  silicon 
content  is  burned  out  during  this 
period.  The  portion  B-E  is  called 
the  carbon  blow  for  similar  reasons. 


The  maximum  height  represents  the 
metal  temperature  and  gives  an  in¬ 
dication  of  the  nitrogen  content  of 
the  steel.  Near  the  end  of  the  blow 
the  intensity  of  the  flame  dies  down 
and  the  point  where  this  occurs  is 
referred  to  as  the  end  point  because 
it  has  served  to  indicate  when  the 
blow  should  be  turned  down.  Point 
F  is  generally  called  the  flash  back 
and  is  caused  artificially  or  by  the 
flame  inpinging  against  the  shield  on 
the  wall  of  the  building.  This  is  a 
valuable  reference  point  for  checking 
the  after-blow  and  a  special  effort  is 
made  to  select  a  filter  combination 
cn  the  phototube  housing  that  shows 
this  clearly. — Work.  Electronics, 
June  1941,  p.  124. 


Register  Control 

Color  printing  by  the  rotogravure 
process  requires  precise  control  of 
register,  i.e.,  successive  color  impres¬ 
sions  must  line  up.  Perfect  register 
is  difficult  to  achieve  due  to  varia¬ 


tions  in  the  speed  of  motors  and  sag 
or  tension  in  the  paper.  It  is  facili¬ 
tated  by  electronic  control,  one  ex¬ 
ample  of  which  appears  here. 

In  brief,  register  marks  are 
printed  at  regular  intervals  along  a 
margin  or  fold  of  the  paper  web  by 
the  cylinder  making  the  first  color 
impression.  As  the  web  passes  over 
the  cylinder  making  the  second  color 
impression  these  marks  are  scanned 
by  a  light  source  and  phototube.  To 
one  end  of  the  cylinder  making  the 
second  color  impression  a  disc  having 
slots  comparable  in  number  and 
spacing  to  the  register  marks  is 
simultaneously  scanned  by  another 
light  source  and  phototube.  The  out¬ 
put  of  both  scanning  units  is  then 
passed  to  an  impulse  timing  com¬ 
parator. 

.When  successive  color  rolls  are 
operating  in  exact  synchronism  and 
the  paper  web  has  not  sagged  or 
tightened  between  cylinders  im¬ 
pulses  from  the  two  scanning  heads 
arrive  at  the  comparator  at  the  same 
time  and,  it  might  be  said,  neutralize 
each  other.  If  impulses  from  the 
paper  web  scanner  arrive  too  early 
or  too  late  in  relation  to  impulses 
from  the  slotted  disc  at  the  end  of 
the  cylinder  a  thyratron-controlled 
pilot  motor  slows  down  or  speeds  up 


Typical  record  ol  luminous  onergy  contont  oi  Bosse-  Printing  regUter  control  using  phototubes  and  thyratrons. 

mer  flame  produced  by  photo  tube  equipment  The  scheme  may  be  applied  to  iour-color  presses 

the  cylinder  or  moves  rolls  manipu¬ 
lating  the  web  until  synchronism  is 
restored. 

Third  and  fourth  impression  rolls 
may  be  provided  with  similar  slotted 
discs  and  scanning  heads,  the  regis¬ 
ter  marks  printed  with  the  first  color 
serving  as  the  basis  of  comparison 
throughout  an  entire  multicolor 
printing  process. — VV'right,  G.  E.  Re¬ 
view,  November,  1941.  (Electron¬ 
ics,  February,  1942,  p.  72.) 
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Photo  tube  unit  — 

2 -stage  amplifier 
^jifh  optica!  system 


'Solenoid  vah/es 
in  photo  tube 
circuit 
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doors  by  the  turning  on  of  artificial 
illumination.  Ambient  light  level 
may  become  so  high  that  the  relay  is 
held  open  by  phototube  current  even 
when  the  beam  is  interrupted. 

This  difficulty  may  be  minimized 
by  using  modulated  light.  A  motor- 


Method  of  operation  of  rock  salt  sorting  machine.  The  pieces  of  salt  drop 
one  at  a  time  past  the  photoelectric  unit.  The  dark  pieces  reflect  less  light 
causing  a  blast  of  air  to  blow  them  off  the  path  of  the  good  pieces 


Block-diagram  of  typical  modulated-beom  photoelectric  alarm  system.  Beam-throw 
distances  of  1.000  feet  or  more  are  proving  practical  with  such  systems 
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(Continued  from  page  78)  and  this  phototube’s  output  current  phototube  output  because  of  scatter- 

rate.  The  output  of  the  amplifier  is  ^'^nders  automatic  steering  mechan-  ing  of  the  light.  This  measurement 
rectified  and  the  resultant  d.c.  keeps  inoperative.  A  deviation  in  principal  is  industrially  useful  since 

the  warning  device  relay  open  in  the  throws  the  light  into  one  of  it  permits  mercury  vapor  boilers  and 

usual  manner  until  the  light  beam  is  phototubes  to  the  side  of  center  mercury  vapor  turbines  to  be  ad- 

broken.  output  current  of  the  photo-  justed  so  that  a  minimum  of  expen- 

The  warning  device  relay  is  held  illuminated  actuates  an  elec-  sive  mercury  goes  up  the  flue, 

open  only  when  the  receiving  unit  amplifier  which  trips  a  thyra-  The  device  uses  a  Wheatstone 

phototube  receives  light  modulated  operates  a  split-field  motor  bridge  circuit,  the  2A6  amplifier  tube 

at  the  prescribed  frequency.  Light  direction  necessary  to  move  constituting  one  arm  of  the  bridge, 

which  is  unmodulated  or  light  that  is  rudder  so  that  the  ship  is  brought  It  is  adjusted  for  operation  by  bal- 
modulated  at  other  than  the  pre-  course.  When  the  light  ancing  the  meter  to  zero  through 

scribed  frequency,  such  as  that  from  on  the  middle  phototube,  de-  variation  of  the  100  ohm  resistor 

lamps  powered  by  60  cycle  lines,  does  *^oting  return  to  the  desired  course,  with  the  lamp  operating  and  the  air 
not  paralyze  such  systems  as  they  automatic  mechanism  is  rendered  intervening  betw’een  lamp  and  photo- 
are  not  affected  by  reasonable  varia-  i^^oP^rative  until  the  ship  yaws  again,  tube  clear  of  Hg  and  then,  with  the 
tions  in  light  intensity.— MacDonald,  —Chance,  Electronics,  June,  1939,  lamp  turned  off,  varying  the  20,000 
Electronics,  February,  1942,  p.  38.  P*  ohm  resistor  until  the  meter  reads 

full  scale. 


Automatic  Ship- Steering 
Device 

No  MATTER  HOW  perfectly  designed, 
a  ship  set  upon  a  given  compass 
course  will  not  exactly  hold  that 
course  with  the  tiller  lashed  down  or 
the  steering  wheel  locked.  The  helms¬ 
man  must  continuously  correct  off- 
course  ‘•variations  caused  by  the 


Mercury  Vapor  Detector 

The  presence  of  small  quantities 
of  mercury  vapor  in  air  or  other 
gasses  may  be  detected  photoelectri- 
cally.  If,  for  example,  a  phototube 
sensitive  to  ultraviolet  light  is  ex¬ 
posed  to  light  from  an  ultraviolet 
lamp  th*e  presence  of  mercury  vapor 
in  the  space  intervening  betw’een 
phototube  and  lamp  will  decrease 


In  operation  after  such  adjust¬ 
ment,  Hg  vapor  between  lamp  and 
phototube  causes  a  reduction  of 
transmitted  ultraviolet  light,  a  re-  • 
duction  of  phototube  current,  less 
negative  bias  on  the  grid  of  the  2A6, 
more  plate  current  and  a  meter  read¬ 
ing  comparable  with  the  quantity  of 
mercury  vapor  in  the  air  or  gas. — 
Woodson,  Review  of  Scientific  In¬ 
struments,  October,  1939,  p.  308. 


action  of  sea  or  wind  upon  hull  and 
rudder  if  the  desired  course  is  to  be 
made  good.  Continuous  correction 
may  be  accomplished  automatically, 
one  device  designed  for  this  purpose 
scanning  the  ship’s  compass  card 
photoelectrically  and  using  off-course 
movement  of  the  card  to  initiate 
movement  of  the  rudder  in  a  compen¬ 
sating  direction. 

The  compass  card  carries  a  mir¬ 
ror  which  reflects  a  beam  of  light 
from  a  source  directly  above  it  to  a 


system  of  prisms  and  phototubes. 
When  the  ship  is  on  her  set  course 
the  middle  phototube  is  illuminated 


The  UT  lamp  and  uv  phototube  in  this  mercury  vapor  detector  are  placed  at 
opposite  ends  oi  a  chamber  excluding  external  light.  Gas  to  be  checked  is 
•  introduced  into  the  chamber 


Automatic  ship-steering  device.  When  the  ship  yaws  oil  a  set  course 
the  light  beam  illuminates  one  oi  the  side  phototubes,  causing  the 
split-field  motor  to  move  the  rudder  in  a  compensating  direction 


Dew-Point  of  Gas  Meas¬ 
ured  by  Photoelectric 
Method  . 

The  intensity  of  a  light  beam 
after  it  passes  through  a  film  of 
moisture  condensate  on  the  surface 
of  a  glass  window  or  mirror  is  con¬ 
siderably  less  than  if  the  moisture 
is  not  present.  This  principal  is 
used  in  the  design  of  a  dew-point 
recorder  used  by  the  Colorado  Inter¬ 
state  Gas  Co.,  at  the  Denver  meter¬ 
ing  plant  where  natural  gas  arrives 
from  Texas.  The  purpose  of  this 
instrument  is  to  determine  the 
amount  of  moisture  present  in  the 
gas  and  to  remove  .some  of  it  by 
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ALABAMA 

Birmingham 

TMatthaws  Elactric  Supply  Co. 
Graybar  Elocfric  Co.,  Inc. 

Cullman 
Daar  Elociric  Co. 

Mobile 

*Matthaw(  Elactric  Supply  Co. 

Mentemery 

*Matlhawt  Elactric  Supply  Co. 

ARIZONA 

Phoenix 

’General  Elactric  Supply  Corp. 
Groybor  Elactric  Co.,  Inc. 
W-6  Radio  Shop 
Rodio  Specialties  Co. 

ARKANSAS 
Little  Rock 

’Ganaiol  Elactric  Supply  Corp. 
Graybar  Electric  Co.,  Inc. 

Fort  Smith 
Interstate  Elactric  Co. 

Texarkana 
Mims  Radio 

CALIFORNIA 

Fresno 

’General  Electric  Supply  Corp. 
Graybar  Electric  Co.,  Inc. 
Spitlar,  Short  &  Griffith 
Do  Jornott  WhIse.  Radio  Co. 

Hollywood 
Radio  Specioltie*  Co. 

Los  Angeles 

’General  Electric  Supply  Corp. 
Graybar  Elactric  Co.,  Inc. 

’E.  W.  Reynolds  Compony 
Radio  Television  Sy.  Co.,  Inc. 
Rodio  Specialties  Co. 

Rodio  Product  Soles  Co. 

Pasadena 
Dow  Radio  Supply  Co. 

Oakland 

’General  Elactric  Supply  Corp. 
Graybar  Electric  Co.,  Inc. 

W.  D.  Brill  Co. 

Electric  Supply  Co. 

E.  C.  Wenger  Company 
Sacramento 

’General  Electric  Supply  Corp. 
Graybar  Electric  Co.,  Inc. 

Santo  Barbara 
Channel  Radio  Supply  Co. 

San  Bernardino 
Inland  Radio  Supply  Co. 

Son  Diego 

’General  Electric  Supply  Corp. 
Graybar  Electric  Co.,  Inc. 
Coast  Electric  Company 
Son  Francisco 

’General  Electric  Supply  Corp. 
Graybar  Elactric  Co.,  Inc. 

Son  Francisco  Radio  Sy.  Co. 

Son  Jose 

Frank  Quement  Company 
COLORADO 
Denver 

’General  Elactric  Supply  Corp. 
Graybar  Electric  Co.,  Inc. 


Poughkeepsie 
’Electro  Supply  Co.,  Inc. 

Rochester 

’General  Electric  Supply  Corp. 
Graybar  Electric  Co.,  Inc. 
Beaucaire,  Inc. 

Rodio  Ports  &  Equip.  Co. 
Brown  Radio  Service  &  lob. 
’Moslina  Radio  Ports 
Rome 

Radio  Service  lab. 

Syracuse 

’Gould-Farmer  Co.,  Inc. 
Groybor  Electric  Co.,  Inc. 

W.  E.  Berndt 

Utica 

’longdon  &  Hughes  Elec.  Co. 
Voeth  Elactric  Company 

NORTH  CAROLINA 
Asheville 

Graybar  Electric  Co.,  Inc. 
Freck  Radio  &  Supply  Co. 
Gibbs  Radio  Co. 

Charlotte 

’General  Electric  Supply  Corp. 
Graybar  Electric  Co.,  Inc. 
Shaw  Distributing  Co. 

Durham 

Graybar  Elactric  Co.,  Inc. 

Greensboro 
Brower  Electric  Company 

Raleigh 

’General  Electric  Supply  Corp. 

Winston*  Salem 
Graybar  Electric  Co.,  Inc. 

NORTH  DAKOTA 
Fargo 

’Dakota  Electric  Supply  Co. 

OHIO 

Akron 

’General  Electric  Supply  Corp. 
Graybar  Electric  Co.,  Inc. 

Canton 

’Furbay-Sommar  Company 
Burroughs  Rodio  Company 
Cincinnati 

’General  Electric  Supply  Corp. 
Graybar  Electric  Co.,  Inc. 

Jos.  N.  Davies 
United  Radio,  Inc. 

Cleveland 

’General  Elactric  Supply  Corp. 
Graybar  Electric  Co.,  Inc. 
Northern  Ohio  lobs. 

Progress  Radio  Supply  Co. 
Radio  Serviceman's  Sy  Co. 
Columbus 

’General  Electric  Supply  Corp. 
Graybar  Electric  Co.,  Inc. 

Dayton 

’General  Electric  Supply  Corp. 
Graybar  Electric  Co.,  Inc. 
Crosloy  Distributing  Corp. 

Findlay 

H  &  W  Auto  Accessory  Co. 
Kent 

Klodog  Radio  lobs. 

Lima 

limo  Radio  Ports  Co. 

Steubenville 
Tydings  Company 

Toledo 

’General  Elactric  Supply  Corp. 
Groybor  Electric  Co.,  Inc. 

H  &  W  Auto  Accessory  Co. 
Youtsgstown 

’Genorol  Electric  Supply  Corp. 
Graybar  Elactric  Co.,  Inc. 
OKLAHOMA 
Oklahoma  City 
’General  Electric  Supply  Corp. 
Groybor  Electric  Co.,  Inc. 
McEldownoy  &  Son 
Southern  Solas  Co. 

Tulsa 

’General  Electric  Supply  Corp. 
Graybar  Elactric  Co.,  Inc. 
Rodio,  Inc. 

OREGON 

Astoria 

U.  loino's  Jewelry  Co. 

Portland 

’General  Electric  Supply  Corp. 
Graybar  Electric  Co.,  Inc. 


ELECTRIC 


RADIO,  TELEVISION  AND 
ELECTRONICS  DEPARTMENT 
BRIDGEPORT,  CONNECTICUT 


Kislamaioo 

’General  Electric  Supply  Corp. 

Lansing 

Graybar  Electric  Co.,  Inc. 
Knight  Electric  Company 

RAuskegon 

Fitzpatrick  Elec.  Supply  Co. 

Monroe 

H  &  W  Auto  Accessory  Co. 

St.  Joseph 
St.  Joe  Radio  Co. 

MINNESOTA 

Duluth 

’General  Electric  Supply  Corp. 
Graybar  Elactric  Co.,  Inc. 
Northwest  Radio 

Minneapolis 

’General  Electric  Supply  Corp. 
Graybar  Electric  Co.,  Inc. 

St.  Pcnil 

’General  Electric  Supply  Corp. 
Graybar  Electric  Co.,  Inc. 

Hall  Electric  Company 
MISSISSIPPI 
•  Jackson 

’General  Electric  Supply  Corp. 

MISSOURI 

Butler 

Henry  Radio  Shop 

Joplin 

’General  Electric  Supply  Corp. 

Kansas  City 

’General  Electric  Supply  Corp. 
Graybar  Elactric  Co.,  Inc. 
Rodio  laboratories 

St.  Lssuis 

’General  Electric  Supply  Corp. 
Graybar  Electric  Co.,  Inc. 

Von  Sickle  Radio  Co. 

Gordon  Radio  Company 
Walter  Ashe  Rodio  Company 
MONTANA 
Billings 

’General  Electric  Supply  Corp. 

Butte 

’General  Elactric  Supply  Corp. 

NEBRASKA 

Omaha 

’General  Electric  Supply  Corp. 
Graybar  Electric  Co.,  Inc. 
Radio  Equipment  Corp. 

NEW  HAMPSHIRE 
Concord 
Carl  B.  Evans 

RAanchester 

’General  Electric  Supply  Corp. 

NEW  JERSEY 
Newark 

’General  Electric  Supply  Corp. 
Graybar  Electric  Co.,  Inc. 
Aaron  lippman  A  Co. 

Rodio  Wire  Television,  Inc. 

Paterson 
Aaron  lippman  &  Co. 

NEW  YORK 
Albany 

’Havens  Elactric  Co.,  Inc. 
Graybar  Electric  Co.,  Inc. 

Fort  Orange  Radio  Dist.  Co. 
Binghamton 
’So.  Tier  Elactric  Sy.  Co. 

Buffalo 

’General  Electric  Supply  Corp. 
Graybar  Electric  Co.,  Inc. 
Dymdc  Radio  Co. 

Elmira 

’So.  Tier  Electric  Sy.  Co. 

Ithaca 

’Stallman  of  Ithoca 

New  York 

’General  Electric  Company 
Metropolitan  Dist.  Branch 
General  Electric  Supply  Corp. 
Graybar  Electric  Co.,  Inc. 
Harrison  Radio  Co. 

Harvey's  Rodio  Shop 
Radio  Wire  Television,  Inc. 
Sanford  Samuel  Corp. 

Sun  Radio  Company 
Terminal  Radio  Corp. 

Service  Rodio  Engineers 
Niagara  Falls 

’General  Electric  Supply  Corp. 

Plottsburg 

Bragg  Bros. 


The  wide-spread  distribution  of  G-E  Electronic  Tubes  is 
evidence  that  GENERAL  ELECTRIC  is  recojtnized 
throujihout  the  nation  as  the  reliable  source  of  supply 
for  renewal  tube  requirements. 


CONNECTICUT 

ffrldgeport 

’General  Electric  Supply  Corp. 
Hotry  &  Young 

Greenwich 

Greenwich  Electrical  Co. 

Hartford 

’General  Elactric  Supply  Corp. 
Graybar  Electric  Co.,  Inc. 
Hotry  &  Young 

New  Haven 

’General  Electric  Supply  Corp. 
Graybar  Electric  Co.,  Inc. 
Hatry  &  Young 
Congress  Radio  Company 

DELAWARE 

Wilmington 

’General  Electric  Supply  Corp. 
Delaware  Radio  Salas  Co. 
DIST.  OF  COL. 
Washington 

’General  Electric  Supply  Corp. 
Graybar  Electric  Co.,  Inc. 

FLORIDA 

Jacksonville 

’Genorol  Electric  Supply  Corp. 
Graybar  Elactric  Co.,  Inc. 
Miami 

’General  Electric  Supply  Corp. 
Graybar  Electric  Co.,  Inc. 
Electric  Radio  Eng.  &  Sy.  Co. 

Orlando 

Graybar  Electric  Co.,  Inc. 

St.  Retersburg 
Radio  Hospital  &  Parts  Store 

Tampa 

’General  Electric  Supply  Corp. 
Graybar  Electric  Co.,  Inc. 
GEORGIA 
Atlanta 

’General  Electric  Supply  Corp. 
Graybar  Electric  Co.,  Inc. 
Radio  Wire  Television,  Inc. 
Savannah 

’General  Electric  Supply  Corp. 
Graybar  Elactric  Co.,  Inc. 

IDAHO 

Boise 

’General  Electric  Supply  Corp. 

ILLINOIS 

Chicago 

’Genarol  Electric  Supply  Corp. 
’R.  Cooper  Jr.,  Inc. 

Graybar  Electric  Co.,  Inc. 
Allied  Radio  Corp. 

Chicogo  Radio  Apparatus  Co. 
Newark  Electric  Co. 

Rodio  Wire  Television  Inc. 
Peoria 

’General  Electric  Supply  Corp. 
Graybar  Electric  Co.,  Inc. 
Klaus  Radio  &  Elec.  Co. 

Quincy 

’Crescent  Elec.  Supply  Co. 

Rockford 

’General  Electric  Supply  Corp. 

Rock  Island 

Tri-City  Radio  Sy.  Co. 

Springfield 

’General  Electric  Supply  Corp. 
Klaus  Radio  &  Elec.  Co. 

INDIANA 

Evansville 

’General  Electric  Supply  Corp. 

Fort  Wayne 
’Protective  Elec.  Sy.  Co. 
Pembleton  loborotories 
Radio  Parts  Co. 

Hammond 

Groybor  Electric  Co.,  Inc. 

Indianapolis 

’General  Elactric  Supply  Corp. 
Gioybor  Electric  Co.,  Inc. 

Von  Sickle  Radio  Co. 

RAuncie 

’General  Electric  Supply  Corp. 

South  BMd 
’South  Bend  Electric  Co. 


Terre  Haute 
’Advance  Electric  Co. 

IOWA 

Burlington 

’Crescent  Elec.  Supply  Co. 

Davenport 

’Crescent  Elec.  Supply  Co. 
Graybar  Elactric  Co.,  Inc. 

Des  Moines 

’General  Electric  Supply  Corp. 
Graybar  Electric  Co.,  Inc. 
Dsfbuque 

’Crescent  Elec.  Supply  Corp. 

RAoson  City 

’Crescent  Elec.  Supply  Corp. 
Sioux  City 

’Crescent  Elec.  Supply  Corp. 

Waterloo 

’Crescent  Elec.  Supply  Corp. 

KANSAS 

Wichita 

’General  Electric  Supply  Corp. 
Graybar  Electric  Co.,  Inc. 
Radio  laboratories 

Topeka 

Rodio  laboratories 

KENTUCKY 

Louisville 

’General  Electric  Supply  Corp. 
Graybar  Electric  Co.,  Inc. 
Universal  Radio  Supply  Co. 

LOUISIANA 
New  Orleans 

’General  Electric  Supply  Corp. 
Graybar  Electric  Co.,  Inc. 
Shreveport 

’General  Electric  Supply  Corp. 

MAINE 

Banger 

’General  Electric  Supply  Corp. 
Rice  &  Tyler 

Portland 

’General  Electric  Supply  Corp. 
Graybar  Electric  Co.,  Inc. 
Bartlett  Radio  Company 

RAARYLAND 

Baltimore 

’General  Electric  Supply  Corp. 
Graybar  Electric  Co.,  Inc. 
Radio  Electric  Service  Co. 

Cumberland 
Morrissey's  Rodio  Sy.  Co. 

Hagerstown 
Zimmerman  Wholesalers 
RAASSACHUSETTS 
Boston 

’General  Electric  Supply  Corp. 
Graybar  Electric  Co.,  Inc. 
Brottle  Rodio  Co. 

Radio  Wire  Television,  Inc. 
The  Rodio  Shock  Corp. 

Springfield 

’General  Electric  Supply  Corp. 
Graybar  Electric  Co.,  Inc. 

T.  F.  Cushing  Co. 

Springfield  Rodio  Co. 

Lawrence 

Rodio  AAaintenance  Sy.  Co. 
Worcester 

’Coghlin  Electric  Company 
’General  Electric  Supply  Corp. 
Graybar  Electric  Co.,  Inc. 
Rodio  Maintenance  Sy.  Co. 

MICHIGAN 
Ann  Arbor 
Purchase  Radio 

Detroit 

’General  Electric  Supply  Corp. 
Graybar  Electric  Co.,  Inc. 

M.  N.  Duffy  &  Co. 

Radio  Specialties  Corp. 

Hint 

Graybar  Elactric  Co.,  Inc. 
Grand  Rapids 

’General  Elactric  Supply  Corp. 
Graybar  Electric  Co.,  Inc. 

Jackson 
Fulton  Radio  Sy.  Co. 


TUBES 

FOR  ALL  PURPOSES 


RIchmoiKl 

Genaral  Electric  Supply  Corp. 
Groybar  Electric  Co.,  Inc. 
Roanoke 

Graybar  Electric  Co.,  Inc. 

WASHINGTON 

Seattle 

’General  Electric  Supply  Corp. 
Graybar  Electric  Co.,  Inc. 
Spokane 

’General  Electric  Supply  Corp. 
Graybar  Electric  Co.,  Inc. 
Spokane  Radio  Co. 

Tacoma 

Graybar  Electric  Co.,  Inc. 
WEST  VIRGINIA 
Charleston 

‘Virginian  Electric  Co.,  Inc. 
Hicks  Radio  Supply  Co. 
Sigmon  Radio  Supply  Co. 

Wheeling 
Cameradio  Co. 

WISCONSIN 

Appleton 

‘General  Electric  Supply  Corp. 
Valley  Radio  Distributors 

LoCrosse 

‘General  Electric  Supply  Corp. 

Madison 

‘Crescent  Elec.  Supply  Co. 

Milwouk  ee 

‘General  Electric  Supply  Corp. 
Graybar  Electric  Co.,  Inc. 

TERRITOY  OF  HAWAII 
Honolulu 

•W.  A.  Ramsay  ltd. 


Corpus  Christ! 
Strauss-Frank  Co. 

Graybar  Electric  Co.,  Inc. 
Dallas 

'General  Electric  Supply  Corp. 
Graybor  Electric  Co.,  Inc. 
Southwest  Radio  Supply  Co. 
Wilkinson  Bros. 


Williamsport 
Lowry  Electric  Co.,  Inc. 

RHODE  ISLAND 
Providence 

General  Electric  Supply  Corp. 
Graybar  Electric  Co.,  Inc. 
'Kraus  &  Co. 

SOUTH  CAROLINA 
Charleston 

'Perry-Mann  Elec.  Co.,  Inc. 
Columbia 

'Perry-Mann  Elec.  Co.,  Inc. 
Graybar  Electric  Co.,  Inc. 
SOUTH  DAKOTA 
Sioux  Falls 

‘Crescent  Elec.  Supply  Compony 

TENNESSEE 

Chattanooga 

‘General  Electric  Supply  Corp. 
Graybar  Electric  Ce.,  Inc. 
Knoxville 

‘General  Electric  Supply  Corp. 
Graybor  Electric  Co.,  Inc. 

Memphis 

‘General  Electric  Supply  Corp. 
Graybar  Electric  Co.,  Inc. 
Nashville 

‘General  Electric  Supply  Corp. 
Graybar  Electric  Co.,  Inc. 

.  TEXAS 

Abilene 

‘General  Electric  Supply  Corp. 

Austin 

The  Hargis  Co. 

Beaumont 

Graybar  Electric  Co.,  Inc. 


io  Supply  Co. 
rh  Village  Radio  Co. 

PENNSYLVANIA 

Allentown 

,erol  Electric  Supply  Corp. 
„Dor  Electric  Co.,  Inc. 

Erie 

„,al  Electric  Supply  Corp. 
i.sn  Rodio  Co. 

Harrisburg 
(b  Supply  Compony 
i.bor  Electric  Co.,  Inc. 

Lancaster 
lb  Supply  Compony 
t  je  D.  Barbey  Co. 

Philadelphia 
i^roi  Electric  Supply  Corp. 
I, Mr  Electric  Co.,  Inc.  . 
),c.::dutad  Radio  Corp. 

I  o  Elec.  Serv.  Co.,  Inc. 

I  H  Sporting  Goods  Co. 

G.  Wile  Company 
Pittsburgh 

!;  •-*«  Electric  Compony 
,t«rol  Electric  Supply  Corp. 
g.bar  Electric  Co.,  Inc. 

Co. 

I  nji  Company 

Reading 

yorol  Electric  Supply  Corp. 
t.bor  Electric  Co.,  Inc. 
x  0.  Barbey  Co. 

Scranton 

rrral  Electric  Supply  Corp. 
Id  F.  Puriell  Compony 
Uniontown 
j-A'Tion  Wholesalers 


Denison  Radio  Lab. 

El  Paso 

'General  Electric  Supply  Corp. 
Hinson  Radio  Co. 

C.  C.  McNicol 

Fort  Worth 

'General  Electric  Supply  Corp. 
Graybar  Electric  Co.,  Inc. 

Fort  Worth  Radio  Supply  Co. 

Houston 

‘General  Electric  Supply  Corp. 
Graybar  Electric  Co.,  Inc. 
Strauss-Frank  Co. 

San  Antonio 

‘General  Electric  Supply  Corp. 
Graybor  Electric  Co.,  Inc. 
Strauss-Frank  Co. 

Temple 

Edison‘t 

UTAH 

Salt  Lake  City 

‘General  Electric  Supply  Corp. 
Graybar  Electric  Co.,  Inc. 
Radio  Supply,  Inc. 

VIRGINIA 

Norfolk 

-General  Electric  Supply  Corp. 
Groybar  Electric  Co.,  Inc. 


TRANSMITTING 

STATIONS 


RADIO  RECEIVERS 


Indicates  Distributors  who  also  handle  Radio  Receiver  Tubes 


IF  YOU  NEED  ENGINEERING  HELP  CALL  ON  THE 
G-E  FACTORY  REPRESENTATIVE  NEAREST  YOU 


T.  a.  JACOCKS,  G.  E.  Ce. 
80d  15tb  St..  Washington,  0.  C. 

D.  S.  NkDONALO,  G.  E.  Co. 
700  E.  Fronklia  St..  Richmond,  Vo. 

A.  M.  DAWSON.  G.  E.  Co. 
535  Smithlleld  St.,  Pittsburgh.  Po. 


F.  a.  HATHAWAY,  G.  E.  Ce. 
119  N.  Robinson  St., 
Oklohemo  City,  Okie. 

R.  O.  SMITH,  G.  E.  Co. 
409  S.  Boston  St.,  Tulsa,  Okla. 


K  E.  LONGMIRE,  G.  E.  Co. 
700  Antoinette  St.,  Detroit,  Mich. 
AL  T.  LAWRENCE,  G.  E.  Co. 
146  Monroe  Ave.,  N.W., 
Grand  Rapids,  Mich. 

IN.  a.  RANN,  G.  E.  Co. 

1 509  Osborn  Rd.,  Lansing,  Mich. 

I.  F.  CONRAD,  G.  E.  Co. 

113  N.  Fourth  St.,  St.  Louis,  Mo. 

R.  M.  RYAN,  G.  E.  Co. 

106  W.  14th  St.,  Kansas  City,  Me. 

C.  E.  SCHOONOVER,  G.  E.  Ce. 
200  E.  First  St.,  Wichita,  Kansas 

R.  C.  HOOEN,  G.  E.  Ce. 

409  S.  17th  St.,  Omaha,  Neb. 


EAST  CENTRAL  DISTRICT 
R.  A.  BUESCHER,  G.  E.  Co. 

4966  Weodloitd  Ave.,  Cleveland,  Ohio 
L.  m.  KLENTZ,  G.  E.  Co. 

4966  Woodland  Ave.,  Cleveland,  Ohio 
J.  C  WILBURN,  G.  E.  Co. 

335  S.  Main  St.,  Akron,  Ohio 
W.  H.  REID,  G.  E.  Co. 

315  W.  Third  St.,  CIncinnoti,  Ohio 

H.  L  WILLSON,  G.  E.  Co. 

40  S.  Third  St.,  Columbus,  Ohio 
J.  BOSWAY,  G.  E.  Ce. 

25  N.  Main  St.,  Dayton,  Ohio 
O.  C.  CLARK.  G.  E.  Ce. 

430  Madison  Ave.,  Toledo,  Ohio 
R.  C  WHITTEN,  G.  E.  Co. 

455  S.  Fourth  St.,  Louisville,  Ky. 

J.  C  HARTLE,  G.  E.  Co. 

110  N.  Illinois  St.,  Indianapolis,  Ind. 

J.  E.  BAIN,  G.  E.  Co. 

133  N.  W.  Fourth  St.,  Evansville,  Ind. 
J.  C  MILLING,  G.  E.  Co. 

10  E.  Twelfth  St.,  Erie,  Po. 

J.  J.  HORAN,  G.  E.  Co. 

1635  Broodwoy,  Fort  Wayne,  Ind. 


SOUTHEASTERN  DISTRICT 
R.  P.  VAN  ZILE,  G.  E.  Ce. 

609  Red  Rock  Bldg.,  Atlanta,  Go. 

E.  T.*  AUSTIN,  G.  E.  Ce. 

187  Spring  St.,  N.W.,  Atlanta,  Go. 

J.  a.  LONDON,  G.  E.  Co. 

300  S.  Tryon  St.,  Charlotte,  N.  C. 

O.  O.  MocFARLANE,  G.  E.  Co. 
t  N.  Third  St.,  AAemphis,  Tenn. 

H.  D.  HAMRICH,  G.  E  Ce. 

P.O.  Box  1393,  Raleigh,  N.C. 

C.  J.  BUIS,  G.  E.  Co. 

833  Georgia  Ave.,  Chattanooga,  Tenn. 

F.  A.  HOEKE,  G.  E.  Ce. 

603  S.  Gay  St.,  Knoxville,  Tenn. 

W.  CROCKETT,  G.  E.  Co. 

334  Third  Ave.,  Nashville,  Tenn. 

H.  H.  KENDEE,  G.  E.  Ce. 

337  W.  Forsyth  St.,  Jacksonville,  Fla. 

S.  Y.  GUESS,  G.  E.  Co. 

1306  North  A  St.,  Tampa,  Fla. 

A.  A.  HERO,  G.  E.  Co. 

837  Grovier  St.,  New  Orleans,  la. 


NEW  ENGLAND  DISTRICT 

F.  A,  RAY,  G.  E.  Co. 

15  Boston  Ave.,  Bridgeport,  Conn. 
S.  H.  MAGRUDER,  G.  E.  Ce. 

140  Federal  St.  ~ 


Boston,  Mom. 

W.  H.  BINGHAM,  G.  E.  Co. 

477  Congress  St.,  Portland,  Me. 

C  E.  WHEELER,  G.  E.  Co. 

Ill  Wsstministor  St.,  Providence, R.l. 
J.  N.  ALBERTI,  G.  E.  Co. 

95  Slate  St. 


ROCKY  INOUNTAIN  DISTRKT 
H.  N.  RAYINOND,  G.  E.  Co. 

200  S.  Main  St.,  Salt  lake  Oty,  Utah 

F.  C.  0‘KEUY,  G.  E.  Ce. 

650  17th  St.,  Denver,  Colo. 

C  A.  CHAMPS,  G.  E.  Co. 

20  W,  Cronito  St.,  Butto,  Mont. 


Springlleld,  Moss. 
N.  OADA,  G.  E.  Co. 

139  Church  St.,  New  Haven,  Conn. 


PACIFIC  DISTRICT 

H.  A.  CROSSLAND,  G.  E.  Co. 

335  Montgomery  St..  Son  Francisco,  ^llf. 

B.  A.  WHITEHEAD,  G.  E.  Co. 

235  Montgomery  St.,  Son  Francisco,  Calif. 

T.  F.  HALL,  G.  E.  Co. 

312  N.  Vignes  St.,  Los  Angeles,  Calif, 

V.  G.  CALDWELL,  G.  E.  Co. 

,  212  N.  Vignes  St.,  Los  Angelos,  Calif. 

B.  B.  GRAVm,  G.  E.  Co. 

861  6lh  St..  San  Diego.  Calif. 

JOHN  KLENKB 

3871  50th  Ave.,  N.E.,  Seattle.  Wash. 

C.  R.  WALUS,  G.  E.  Ca. 

831  3nd  Ave.,  Seattle,  Wash. 

J.  R.  MURPHY,  G.  E.  Co. 

431 'Riverside  Ave.,  Spokane,  VFoch. 

L.  R.  ELDER,  G.  E.  Co. 

920  S.W.  6th  Ave.,  Portland,  Ore. 


NEW  YORK  DISTRICT 
W.  MAY,  Metropolitan  Distributing 
Branch.  G.  E.  Co. 

“  ■  ■  ■  ».,  New  York,  N.Y. 


570  lesington  Ave. 

T.  P.  BEGY 

115  Frontonac  Ave.,  Buffalo,  N.Y. 

B.  COGSWELL,  G.  E.  Ce. 

I  West  Genesee  St..  Buffalo,  N.Y. 

W.  A.  RAINES,  G.  E.  Co. 

19  Eost  Ave.,  Rochester,  N.  V. 

D.  C  HIERATN,  G.  E.  Co. 
Sn  lexlngtaa  Ave.,  New  Yerfc,  N. 


SOUTHWEST  DISTRICT 

C.  T.  WANDRES,  G.  E.  Co. 
1801  N.  Lomor  St.,  Dallos.  Texas 
F.  C.  NEAL,  G.  E.  Co. 

1801  N.  Lamar  St.,  Dallas,  Texas 
A.  H.  KLEIN,  G.  E.  Co. 

408  W,  Seventh  St.,  Fort  Worth,  Texos 

I.  A.  UHR,  G.  E.  Co. 

201  Vlllila  St.,  Son  Antonie,  Texas 

J.  B.  BURR,  G.  E.  Co. 

1313  live  Oak  St.,  Houston,  Texas 

D.  H.  HICKEY,  G.  E.  Co. 

109  H.  Oregon  St.,  El  Pose,  Texas 


CENTRAL  DISTRICT 

G.  S.  PETERSON,  G.  E.  Ce. 
Box  5970-A  Von  Suren  St.  P.O. 
Chicago,  III. 

E.  G.  ABBOTT,  G.  E.  Co. 

840  S.  Conal  St..  Chicago.  III. 

E.  P.  TOAL,  G.  E.  Co. 

12  S.  6th  St.,  MInneopolis,  Minn. 

P.  B.  REED,  G.  E.  Co. 

13  S.  6th  St,,  Minneapolis,  Minn. 
R.  A.  WEBSTER,  G.  E.  Co. 

14  W.  Superior  St.,  Duluth,  Minn, 


ATLANTIC  DISTRICT 
.  R.  J.  MEWS,  G.  E.  Co. 

1405  locust  St.,  Philadelphia,  Pa. 

F.  J.  WALTON,  G.  E.  Co. 

1405  locust  St.,  Philadelphia,  Po. 
^  UR.  MUSE,  G.  E.  Co. 

39  W.  Lexington  St.,  Baltimore,  Md. 


Mercoid 

re\ay 


large,  hot  pieces  and  to  shut  it  off 
when  the  relatively  cool  smaller 
pieces  are  passing  by  on  the  con¬ 
veyor.  The  solution  is  to  use  a  photo¬ 
tube  relay  using  tubes  which  are 
sensitive  to  infrared  heat  rays  to  op¬ 
erate  a  solenoid  water  valve.  Three 
type  CE-1  phototubes  are  mounted 
a  few  inches  above  the  ore  in  the  con¬ 
veyer  and  a  few  inches  ahead  of  the 
water  nozzles  to  allow  for  the  time 
delay  in  the  relay  and  valve  circuit. 
Because  of  the  heat  involved,  the 
phototubes  are  mounted  in  a  Pyrex 
glass  cylinder  and  a  current  of  air 
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The  gas  in  the  U-shaped  tube  is  alternately  cooled  just  below  and  heated 
just  aboye  the  dew-point  by  cooling  coils  and  an  electric  heater  controlled 
by  a  phototube  relay  which  is  operated  by  a  light  beam  whose  intensity  is 
decreased  by  the  presence  oi  condensed  moisture 
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dehydration  if  there  is  any  danger 
of  the  moisture  condensing  and 
freezing. 

A  continuous  flow  from  a  bypass 
valve  in  the  main  line  passes  through 
a  U-shaped  tube  which  has  a  plate 
glass  window  at  the  top  of  each  side 
of  the  U,  glass  mirrors  at  the  square 
corners  of  the  U  as  shown.  The 
interior  of  the  tube  is  gold  plated 
and  highly  polished.  A  light  source 
is  located  above  one  window  and  a 
phototube  (type  PJ-23)  is  located 
above  the  other  window.  If  a  film  of 
moisture  can  be  made  to  condense 
upon  the  glass  and  gold-plated  sur¬ 
faces,  the  intensity  of  the  light  beam 
reaching  the  phototube  will  be  re¬ 
duced.  This  can  be  done  by  im¬ 
mersing  the  U-tube  in  a  brine  bath 
cooled  by  cooling  coils  connected  to 
a  refrigerating  compressor.  When 
the  moisture  film  appears,  the  cool¬ 
ing  coils  are  cut  off  and  a  heating 
unit  is  turned  on  to  heat  the  gas 
and  evaporate  the  moisture  at  which 
time  the  heater  is  turned  off  and  the 
cycle  repeated.  Measurements  on  a 
recording  thermometer  whose  ele¬ 
ment  is  located  in  the  brine  bath 
will  indicate  that  the  temperature 
changes  approximately  according  to 
a  sine  wave.  In  this  installation  the 
temperature  difference  between  the 
tops  and  bottoms  of  the  curves  is 
about  2  to  3  degrees.  The  cycle  of  op¬ 
eration  is  about  10  to  15  minutes.  The 
pressure  of  the  gas  is  also  recorded 
and  the  dew-point  can  be  calculated 
from  the  records  of  temperature  and 
pressure. — Setter,  Electronics,  No¬ 
vember  1941,  p.  72. 


Photoelectric  Cooling 
Control  * 

At  the  TVA  Fertilizer  Works 
phosphate  ore  is  heated  to  a  high 
temperature  and  crushed  to  sizes 
varying  from  fine  dust  to  two  inches 
in  diameter.  The  phosphate  must  be 
cooled  by  a  water  spray  on  a  moving 
conveyor  before  further  processing, 
but  if  a  continuous  spray  of  w’ater  of 
sufficient  capacity  to  cool  the  larger 
pieces  is  used,  the  finer  and  cooler 
material  is  flooded,  making  a  mud 
that  clogs  the  equipment. 

The  problem  is  to  provide  cooling 
water  when  it  is  necessary  to  cool 


The  actual  setup  showing  the  conreyor 
which  moves  trom  right  to  left.  The  water 
spray  (A)  is  mounted  away  from  the  photo¬ 
tubes  (B)  to  permit  (he  ore  to  reach  it  be¬ 
fore  water  Hows 


Z50V 
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Circuit  diagram  oi  the  infrared  sensitive  phototube  relay.  The  three  photo¬ 
tubes  connected  in  parallel  are  mounted  within  a  Pyrex  cylinder  for 
protection  from  heat 
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either  with  series  connection  on  2.8  volts  or 
parallel  connection  on  1.4  volts. 


Typical  Oparation  t 

Parallel  Filamen! 

Arrangement** 

D-C  Plate  Voluae  150  Volu 

D-C  Screen  Volugc  135  Volts 

Grid  Resistor  0.2  Mea- 

Plate  Current  18.3  Ma. 

D-C  Screen  Current  6.5  Ma. 

D-C  Grid  Current  0.13  Ma. 

Power  Output  (Approx.)  1.2  Wans 

*  Filament  voluae  applied  across  the  two  sections 
in  series  between  pins  No.  1  and  No.  7.  Grid  voltaae 
is  referred  to  pin  No.  1.  _ 

**  Filament  voltaae  applied  across  the  two  sections 
in  parallel  between  pin  No.  5  and  pins  No.  1  and  No. 
7  connected  toaether.  Grid  voluae  is  referred  to 
pin  No.  5. 

tt  For  series-filament  operation,  a  shuntina  resistor 
must  be  connected  across  the  section  between  pins 
No.  1  and  No.  5  to  by-pass  excess  cathode  current  in 
this  section.  The  value  of  the  shuntina  resistor  should 
be  adjusted  to  make  the  voluae  across  the  shunted 
section  ^ual  to  the  voluae  across  the  section  be¬ 
tween  pins  No.  5  and  No.  7.  When  other  tubes  in 
series-uament  arranaement  contribute  to  the  filament 
current  of  the  3A4.  an  additional  shuntina  resistor 
may  be^requir^  between  pins  No.  1  and  No.  7. 

X  Typical  operatina  values  for  the  3A4  with  fila¬ 
ment  sections  in  series  will  be  approximately  the 
same  as  those  shown  for  parallel-filament  operation. 

Ratines  are  to  be  interpreted  accordina  to  RMA 
Standard  M8-210  (Jan.  S,  1940  Rev.  11-40). 

4  See  RCA  6C4 


Series  Parallel 
Filament  Filament 
Arrange-  Arrange¬ 
ment*  ment** 

FILAMENT  VOLTAGE  (D.C.)  2.8  1.4  Volts 

FILAMENT  CURRENT  0.11  0.22  Amp. 

DIRECrr  INTERELECTRODE  CAPACITANCES: t 
TrhdeUnit  TriodeUnit 
Ti  Tt 

Grid  to  Plate  (Cap)  3.2  3.2  aaf 

Grid  to  Filament  (Caf )  0.9  0.9  aaf 

Plate  to  Filament  (Cpf )  1 .0  1.0  aaf 

Plate  to  Plate  (Cptipti)  0.32 

MAXIMUM  OVERALL  LENGTH  2H* 

MAXIMUM  SEATED  HEIGHT  1  %• 

MAXIMUM  DIAMETER 
BULB 
BASE 

MOUNTING  POSITION 
t  With  no  external  shield. 


T-5>j 

Miniature  Button  7-Pin4 
Any 


A-F  AMPLIFIER 

PLATE  VOLTAGE 
PLATE  CURRENT 
PLATE  DISSIPATION 


135  max.  Volts 
5  max.  Ma. 
0.5  max.  Watt 


RCA  3A4 

POWER  AMPLIFIER 
PENTODE 


CliaractorUlict — Cluti  A:  AmpliHer 
Plate  Voluae  90 

Grid  Voltaae  —2.5 

Amplification  Factor  1 5 

Plate  Resisunce  8300 

Transconductance  1800 

Plate  Current  3.7 


Volts 

Volts 


■OTTOM  VIEW  OF  SOCKET  CONNECTIONS 


Ohms 

»imho$ 

Ma. 


Pin  1 — Filament  ( —  for 
series  operation) 

Pin  2— Plate 
Pin  3— Screen 
Pin  4— Grid 

Pin  5— Filament  Mid-Tap 
( —  for  parallel  opera¬ 
tion),  Grid  No.  3 
Pin  6— Plate 
Pin  7 — Filament  (-h) 


R-F  POWER  AMPLIFIER  A  OSCILLATOR 
CLASS  C  TELEGRAPHY 

D-C  PLATE  VOLTAGE  135  max.  ^ 

D-C  GRID  VOLTAGE  -30  max.  \ 

D-C  PLATE  CURRENT  (per  unit)  15  max.  A 
D-C  GRID  CURRENT  (per  unit)  2.5  max.  t 
PLATE  INPUT  (per  unit)  2.0  max.  > 

PLATE  DISSIPATION  (per  unit)  1.0  max.  > 


currents  required  in  r-f  power  applications. 
In  r-f  amplifier  service,  the  3A4  will  deliver 
a  power  output  of  about  1.2  watts  at  10 
megacycles.  The  filament  of  the  3A4  can 
be  operated  either  with  series  connection 
on  2.8  volts  or  parallel  connection  on  1.4 
volts. 

Series  Parallel 
Filament  Filament 
Arrange-  Arrange¬ 
ment*  ment** 

FILAMENT  VOLTAGE  (D.C.)  2.8  1.4  Volts 

FILAMENT  CURRENT  0.1  0.2  Amp. 

DIRECT  INTERELECTTRODE  CAPACITANCES:! 
Grid  to  Plate  (Cgip)  0.2  max.  mmI 

Input  [Csi  (f  &  si  -I-  at)]  4.S  lAtJ 

Output  [Cp(f  &  aa -f  at)]  4  2  mmF 

MAXIMUM  OVERALL  LENGTH  2\i* 

MAXIMUM  SEATED  HEIGHT  1 

MAXIMUM  DIAMETER 

BULB  T.5'4 

BASE  Miniature  Bjuon  7-Pin4 

MOUNTING  POSITION  Any 

t  With  no  external  shield. 

A>F  POWER  AMPLIFIER 

PLATE  VOLTAGE  150  max.  Volts 

SCREEN  VOLTAGE  90  max.  Volts 

PLATE  DISSIPATION  2  max.  Watts 

SCREEN  DISSIPATION  0.4  max.  W'att 

TOTAL  ZERO-SIGNAL 

CATHODE  CURRENT!  t  18  max.  Ma. 

Typical  OporoNng  CondlHent  and  CharacfaritHci 
— Clat*  Ai  Amplillar! 

Parallel  Filament 
Arrangesment** 

Plate  Voluae  135  150  Volts 

Screen  Voltaae  (Grid  No.  2)  90  90  Volts 

Grid  Voltaae  (Grid  No.  1 )  — 7.5  —8.4  Volts 

Peak  A-F  Grid  Voluae  7.5  8.4  Volts 

Zero-Sianal  Plate  Current  14.8  13.3  Ma. 

Max.-Sianal  Plate  Current  14.9  14.1  Ma. 

Zero-Sianal  Screen  Current  2.6  2.2  Ma. 

Max.-Sianal  Screen  Current  3.5  3.5  Ma. 

Plate  Resistance  90,000  100,000  Ohms 

Transconducunce  1900  1900  «imhos 

Load  Resistance  .  8000  8000  Ohms 

Total  Harmonic  Distortion  5  6  % 

Max.-Sianal  Power  Output  0.6  0.7  Watt 


Typical  Oparation  al  40  Me  with  Both  UnHi: 

Pash-Pall  Power  Amplifier  &  Oscillator 
(Key -down  conditions  per  tube  without  modulation) 
D-C  Plate  Voluae  135  Volts 

D-C  Grid  Voluae 

From  a  fixed  supply  of  — 20  Volts 

From  a  arid  resistor  of  4000  Ohms 

From  a  cathode  resistor  of  570  Ohms 

Peak  R-F  Grid-to-Grid  Voltaae  90  Volts 

D-C  Plate  Current  30  Ma. 

D-C  Grid  Current  (Approx.)  5  Ma. 

Drivina  Power  (Approx.)  0.2  W'att 

Power  Output  (Approx.)  2  Wans 

*  Filament  voluae  applied  across  the  two  sections 
in  series  between  pins  No.  1  and  No.  7.  Grid  voltaae 
is  referred  to  pin  No.  1 .  For  series-filament  operation, 
a  shuntina  resistor  must  be  connected  across  the 
section  between  pins  No.  I  and  No.  4  to  by-pass 
excess  cathode  current  in  this  section.  The  value  of 
the  shuntina  resistor  should  be  adjusted  to  make  the 
voluae  across  the  shunted  section  equal  to  the  voluae 
across  the  section  between  pins  No.  4  and  No.  7. 
When  other  tubes  in  series- filament  arranaement 
contribute  to  the  filament  current  of  the  3A5,  an 
additional  shuntina  resistor  may  be  required  between 
pins  No.  1  and  No.  7. 

**  Filament  voltaae  applied  across  the  two  sections 
in  parallel  between  pin  No.  4  and  pins  No.  1  and  No. 
7  connected  toaether.  Grid  voltaae  is  referred  to 
pins  No.  1  and  No.  7  tied  toaether. 

Ratinas  are  to  be  interpreted  according  to  RMA 
.Standard  M8-210  (Ian.  8.  1940  Rev.  11-40). 


RCA  3A5 

H-F  TWIN  TRIODE 


Mlniatur*  Typo  (Tontotivo  Data) 

The  3A5  is  *a  twin  triode  of  the  Miniature 
type  intended  for  use  in  high-frequency  ap¬ 
plications.  The  relatively  large  filament  em- 

Kloyed  in  the  3A5  enables  it  to  supply  the 
igh  peak  currents  required  in  r-f  power 
applications.  In  class  C  service,  a  3A5  with 
its  units  in  push-pull  will  deliver  a  power 
output  of  approximately  2  watts  at  40  meg¬ 
acycles.  It  may  be  used  at  still  higher  fre¬ 
quencies  with  reduced  efficiency.  Each  triode 
may  be  used  independently  of  the  other. 
The  filament  of  the  3A5  can  be  operated 


BOTTOM  VIEW  OF  SOCKET  CONNECTIONS 

Pin  1— Filament  (— )  ^Gt. 

Pin  2— Plate  (Triode  Ti)  ^(4) _ '• 

Pin  3— Grid  (Triode  Ti)  IS. 

Pin  4 — Filament  Mid-Tap  ^fzC^vi — i  | 

(-1-  for  parallel  opera-  ''-TM 

Pin  5 — Grid  (Triode  Ti)  A/ 

Pin  6 — Plate  (Triode  Ti)  Ptp(2\ 

Pin  7— Filament  (-f  for  nJ  y'  ' 

series  operation) 


R-F  POWER  AMPLIFIER 

D  C  PLATE  VOLTAGE  150 

D-CSCREENVOLT.  (GridNo.2)  135 
D-C  GRID  VOLT.  (Grid.  No.  1)  -30 
D-C  PLATE  CURRENT  20 

D-C  GRID  CURRENT  0.25 

TOTAL  D-C  CATH.  CURRENT!!  25 
PLATE  INPUT  3 

^CREEN  INPUT  0.9 

PLATE  DISSIPATION  2 


RCA  MANUFACTURING  CO 

CAMDEN,  NEW  JERSEY 


(NOTE;  For  additional  copies  of  literature  on  these  tubes,  address  RCA, 
Commercial  Engineering  Section,  Harrison,  N.  J.) 


SPECIAL-PURPOSE  TUBE  DATA 


is  blown  past  them.  Because  of  the 
dust  conditions  prevalent  at  ore 
treating  plants,  the  relay  is  placed 
in  a  dust-proof  glass  container. 

The  sensitive  relay  has  a  drop-out 
current  which  is  about  80  percent  of 
its  take-up  current.  The  circuit  may 
be  adjusted  to  operate  at  any  desired 
radiant  heat  by  adjustment  of  the 
amplifier  grid  bias  control  (50,000- 
ohm  potentiometer). — Ewald,  Elec¬ 
tronics,  November,  1941,  p-  55. 


Photofldsh  Synchronizer 
Tester 

Typical  flashlamps  used  in  photog¬ 
raphy  reach  peak  brilliancy  20  milli¬ 
seconds  after  filament'  voltage  is  ap¬ 
plied.  Synchronizing  devices  must 
open  the  camera  shutter  in  that  short 
space  of  time  if  maximum  illumin¬ 
ation  and  film  exposure  are  to  coin¬ 
cide.  A  convenient  instrument  for 
determining  the  time  required  for  a 
shutter  to  open  measures  it  in  terms 
of  voltage  attained  by  a  condenser 
charging  from  a  steady  source  of  po¬ 
tential  during  that  period. 

A  beam  of  light  from  a  steady  ex¬ 
ternal  source  is  directed  into  the  type 
917  phototube.  The  camera  shutter 
to  be  actuated  by  the  synchronizer  is 
interposed  in  this  beam  of  light. 
The  input  terminals  of  the  testing 
device  are  substituted  for.  the  flash- 
lamp,  which  is  not  used,  in  such  a 
manner  that  when  the  synchronizer 
switch  is  closed  the  battery  within 
the  synchronizer  is  connected  to  the 
input  terminals. 

When  the  synchronizer  switch  is 
closed  the  negative  bias  applied  to 
the  control  grid  of  the  first  type  2051 
thyratron  is  reduced,  causing  this 
tube  to  conduct.  Anode  circuit  ca¬ 
pacitor  Cl  starts  to  charge  and  con¬ 
tinues  to  charge  until  the  camera 
shutter  blocking  off  the  light  beam 
opens.  When  the  shutter  opens  the 
output  of  the  phototube  trips  the 
second  2051,  which  reduces  the  volt¬ 
age  applied  to  the  anode  of  the  first 
thyratron  by  an  amount  equal  to  the 
drop  in  resistor  /?,  sufficient  to  stop 
conduction  in  the  first  2051.  The 
capacitor  is  left  with  a  definite 
charge,  which  may  then  be  measured 
by  means  of  the  6C5G  tube  connected 
as  a  vacuum  tube  voltmeter  cali¬ 
brated  in  milliseconds.  —  Marsal, 
Electronics,  January,  1942,  p.  34. 


Width  Gage  for 
Moving  Webs 

The  width  of  a  continuously  mov¬ 
ing  sheet  or  web  of  material  may  be 
measured  during  manufacture  or 
processing  even  where  the  web  shifts 
slightly  from  side  to  side  while 
passing  through  the  fabricating  or 
finishing  machine.  One  measurement 
system  involves  photoelectric  scan¬ 
ning  of  each  edge  of  the  material, 
with  mechanical  movement  of  the 
web  itself  controlling  the  quantity  of 
light  transmitted  and  causing  the 
beams  to  follow  the  material  edges 
as  they  shift. 

Considering  one  of  the  two  scan¬ 
ning  units  involved,  a  light  source 
is  focussed  upon  a  mirror  fastened 
to  the  moving  coil  of  a  meter.  The 
light  is  reflected  by  the  mirror  past 
the  edge  of  the  material  into  a  pho¬ 
totube,  the  initial  adjustment  per¬ 
mitting  the  edge  of  the  material  to 
partially  cut  off  the  beam.  The  out¬ 
put  of  the  phototube  is  fed  into  an 
amplifier  and  the  output  of  the  ampli¬ 
fier  drives  the  meter  carrying  the 
mirror.  Reduction  in  transmitted 
light  by  movement  of  the  web 
deeper  into  the  light  beam  changes 
the  mirror  angle  and  causes  the  beam 
to  move  away  from  the  edge  of  the 
web  until  the  initial  condition  of  bal¬ 
ance  is  restored.  Movement  of  the 
web  away  from  the  light  beam,  con¬ 
versely,  increases  the  light  received 
by  the  phototube  and  the  meter 
moves  the  mirror  in  such  a  manner 
that  the  beam  follows  the  edge. 

The  output  of  the  scanning  devices 
at  either  edge  of  the  sheet  or  web  is 


MOvt»i^tNT 

> . 


Width  gage  ior  moving  webs.  Two  scan¬ 
ning  devices  are  needed,  one  at  each 
edge.  Their  outputs  are  combined  in  an 
electronic  totaliser  and  indicator 

combined  in  an  electronic  totalizing 
and  indicating  device.  The  indicat¬ 
ing  device  may  be  calibrated  in  terms 
of  width  despite  lateral  shifts  in  the 
web  as,  with  constant  web  width,  the 
output  of  one  amplifier  declines  w  hile 
that  of  the  other  amplifier  rises  and 
vice  versa,  depending  upon  which 
way  the  web  shifts.  If  the  width  of 
the  measured  web  remains  constant, 
in  other  words,  shifts  from  side  to 
side  simply  add  current  to  the  de¬ 
tector  on  one  side  and  subtract  a  like 
amount  from  the  other  side,  with  the 
net  result  that  there  is  no  change  in 
the  position  of  the  indicator.  In¬ 
creasing  current  indicates  increased 
web  width  while  decreasing  current 
indicates  decreasing  web  width  as, 
under  these  conditions,  amplifier  out¬ 
put  is  additive  or  subtractive. — Alex¬ 
ander,  Electronics,  January,  1942, 

p.  66. 


Photoilash  synchronizer  tester  designed  to  measure  the  elapsed  time 
between  closing  of  the  switch  and  opening  of  the  camera  shutter 
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CINCH  MANUFACTURING  CORPORATION  •  2335  WEST  VAN  BUREN  STREET  •  CHICAGO,  ILLINOIS 


M.C. 


must  be  caught”.  Made  of  high 
quality  spring  steel.  Cinch  tube  hold¬ 
ers  as  illustrated  are  inexpensive  and 
simple  units  for  locking  tubes  in 
their  sockets.  “They’re  the  Clincher”. 


Cinch  tube  holders  maintain  tubes 
rigidly,  an  effective  guard  against 
shocks  that  distort  reception.  The 
added  protection  of  the  tube  holder 
is  a  precaution  when  '■Hvtry  signal 


I  ACTU 


ACTUAL  SIZE 


8476 

1*4'  M.  C. 


8517 

1  Vo'  M.  C 


8538 

M.C 


8551 

r  M.C 


APPROXIMATELY  T4  SIZE 


SUBSIDIARY:  UNITED-CARR  FASTENER  CORP.  •  CAMBRUOGE,  MASS. 


KLECTROMCS  —  Time  m2 


THIS  NEW 


VACUUM  TUBE 
VOLTMETER 


jtlctrm 

ctcv’Ce 


The  figure  shows  th^  schematic  of 
a  simple  static  beam  photoelectric 
alarm  device.  Light  from  a  distant 
source  is  directed  across  the  area  to 
be  protected  into  the  phototube.  D-c 
output  of  the  phototube  is  amplified 
by  the  25L6  and  holds  a  signalling 
device  relay  closed  so  long  as  the 
light  is  uninterrupted  by  an  intruder. 


Wide  Voltage  Ronge 
lorge  Overvoltage 
Capacity 


Simple  Btatic  beamelectric  alarm  circuit. 
The  25L6  amplifier  phototube  eelf-rectiiies 
its  own  operating  potentials 


High  Impedance 
Time  Saving  Stability 


Capacitor  C  provides  a  timing  ad¬ 
justment,  the  length  of  time  required 
to  discharge  this  capacitor  when  the 
beam  is  interrupted  determining  the 
speed  with  which  the  device  operates. 
Resistor  R  is  a  sensitivity  adjust¬ 
ment,  permitting  the  bias  on  the  25L6 
to  be  varied  to  suit  the  amount  of 
light  impinging  upon  the  phototube. 

In  this  elemental  example  d-c  po¬ 
tentials  required  for  the  operation 
of  the  amplifier  are  obtained  through 
self-rectification  of  applied  a.c.  by 
the  25L6  itself.  A  majority  of  static 
beam  alarm  devices  now  being  made 
have  d-c  powerpacks  supplying  re¬ 
quired  operating  potentials  to  the 
amplifier  tube  or  tubes. — MacDon¬ 
ald,  Electronics,  February,  1942, 
p.  38. 


Wide  Frequency  Range 


IDEAL  FOR  USE  IN  AUDIO  FREQUENCY.  CARRIER  CURRENT, 
SUPER-SONIC  TELEVISION  AND  BROADCAST  FIELDS. 


•  This  meter  responds  to  the  average  value  of  the  full  wave . . .  thus 
waveform  errors  are  reduced.  Measurements  up  to  1  megacycle  with 
this  Voltmeter  are  as  simple  as  measurements  with  the  usual  multi¬ 
range  meter  at  d-c!  Generally,  no  precautions  are  necessary. ..no  adju^- 
ments  to  make  during  operation ...  no  damage  from  large  overloads . . . 
and,  input  inpedance  is  high  enough  so  that  it  won’t  affed  the  circuit 
being  measured. 

Think  of  the  time  you  can  save  in  produdion  testing  with  the 
elimination  of  the  need  for  adjuring  to  zero  position  during  opera¬ 
tion.  It  is  ideally  suited  for  audio  frequencies  from  10  cps  to  20  kc 
and  also  for  applications  in  carrier  current  work,  in  the  super  sonic,  in 
television  and  throughout  the  broidcaSl  field. 

Get  information  about  this  r^w  Voltmeter  today.  Write  direftly 
to  the  fadory.  There’s  no  obliagfi^^M course. 


OpHcdl  Filter  Tester 

Light  lost  in  transmission  through 
an  optical  filter  may  be  measured  by 
the  following  method: 

A  light  source  of  constant  in¬ 
tensity  is  focused  upon  a  phototube. 
The  phototube  operates  into  an  a-c 
amplifier  driving  a  cathode-ray  oscil¬ 
loscope  provided  with  a  60-cps 
sinusoidal  sweep.  An  opaque  disc 
or  wheel  in  which  there  are  two 
apertures  directly  opposite  each 
other,  one  aperture  containing  the 
filter  and  the  other  left  open,  is 
placed  in  the  path  of  the  light  beam 
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BRUCE  O.  BURLINGAME 
ASSOCIATES 

69  Murray  St.,  New  York  City,  N.  Y. 
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Just  as  important  to  many  customers  as  the  quality  of  IRC  fixed 
and  variable  resistors  itself  is  the  "Know-How”  of  resistor  usage 
that  IRC  specialized  experience  makes  available. 

This  "Know-How”  is  designed  into  IRC  products.  It  is  a  big 
part  of  IRC  customer  service.  It  avoids  mistakes  in  resistor  speci¬ 
fications  and  orders.  It  simplifies  matters  of  inspection  and 
priorities.  It  clarifies  many  special  technical  problems.  Above  all, 
it  means  invaluable  help  in  selecting  the  right  resistor  for  the  job 
— chosen  without  bias  as  to  type  from  a  line  sufficiently  broad  to 
cover  practically  every  requirement. 

For  the  solution  of  a  large  number  of  the  problems  confronting 
the  designing  engineer,  IRC  has  prepared  the  Resistor  Chart 
which  is  yours  for  the  asking.  However,  many  special  problems 
frequendy  arise  requiring  the  ^TCnow-How”  of  a  trained  staff  of 
resistor  engineers,  which  IRC  has  available. 
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WEWANTMOi^ 

^IMPOSSIBLE" 

WAR  ORDERS 


Recently  expanded  War  Pro¬ 
duction  facilities  permit  our 
handling  additional  orders,  re¬ 
gardless  of  the  quantities  re¬ 
quired,  for  all  types  of  coils  and 
windings  used  at  radio  frequen¬ 
cies,  intermediate  frequencies, 
and  audio  frequencies.  Please 
submit  prints  or  samples  (for 
duplication)  with  your  inquiries. 


Illustrated  above,  the 
standard  Bakelite  bobbin, 
developed  15  years  ago, 
has  been  found  extremely 
useful  for  all  types  of  r.f. 
choke  coils  and  many  tuned 
circuits  with  either  air  or 
powdered  iron  core  tuning. 


900  PASSAIC  AVENUE 

EAST  NEWARK  NEW  JERSEY 


in  such  a  manner  that  the  light 
shines  alternately  through  the  two 
apertures  when  the  disc  is  rotated  by 
a  motor  running  at  1800  r.p.m. 

Since  such  a  disc  revolves  at  30 
rps  and  there  are  two  openings  in 
the  disc  light  will  reach  the  photo¬ 
tube  once  each  60th  second.  A  pat¬ 
tern  similar  .to  the  one  shown  will 
be  observed  on  the  oscilloscope 
screen,  the  distance  B  indicating 
the  amount  of  light  reaching  the 
phototube  directly  and  the  distance 
A  indicating  the  amount  of  light 
reaching  the  phototube  through  the 
filter.  Thus  the  ratio  A/B  represents 
the  percentage  light  passing  through 
the  filter. 

If  the  wavelength  of  maximum 
transmission  is  desired,  this  may  be 
determined  by  passing  the  light 
from  the  source  through  a  prism 
before  passing  it  through  the  disc 
apertures.  Angular  movement  of  the 
prism  will  permit  the  wavelength  of 


Cathode-ray  oscilloscope  pattern  showing 
the  relationship  between  light  passed 
directly  to  a  phototube  ond  light  passed 
to  the  phototube  through  an  optical  filter. 
B  represent  light  transmitted  directly  and 
A  light  transmitted  through  the  filter 


the  light  transmitted  to  the  photo¬ 
tube  to  be  varied. — Seeley  and  And¬ 
erson,  Review  of  Scientific  Instru¬ 
ments,  August,  1941,  p.  392. 

Oil  Hole  Inspector 

Automatically  inspecting  one 
shackle  bolt  per  second,  a  photoelec¬ 
tric  machine  determines  that  oil  holes 
drilled  longitudinally  through  the 
bolts  exactly  meet  other  oil  holes 
drilled  into  the  bolt  centers  from  the 
sides. 

A  beam  of  light  is  reflected  from 
a  mirror  into  the  longitudinal  hole 


Aojusfma  collets  y 
on  ball bearmfj 
revolved  by 
wheel-  flSi 


Beam  of  !>ghf  from  hghtsoc 


Revolving  nhee! 
with  rubbc  bed 


Section  of  <Lj  |  <  i.  “7 
indexing  wheel  ■ 


yPhOtO  tooe 

hOL’Sina 


Oil  cr  PI [ 

lubrication  . 

hole  being  - 

inspected 

Beit  being  inspected 


'Photo  tube 
cathode 


'I  ’dht  baffle 


''O’  0"  htbr  icat  lon' 
hole  bemg  ■■spevred 


Photoalectric  oil-hol*  inspsetor 


while  a  bolt  is  revolved  one  complete 
turn  by  a  rubber-tired  driving  wheel. 
If  the  quantity  of  light  at  which  the 
device  is  calibrated  fails  to  reach  a 
phototube  mounted  adjacent  to  the 
side  hole  during  some  portion  of  this 
cycle,  indicating  imperfect  align¬ 
ment  or  a  block,  the  bolt  is  auto¬ 
matically  rejected  by  an  electro¬ 
mechanical  mechanism.  —  Powers, 
Electronics,  September,  1939,  p.  54. 


Articulated  Weighing 
Scale 

Weighing  scales  frequently  used 
to  indicate  one  specific  weight  may 
be  made  to  actuate  an  audible  or  vis¬ 
ible  signal  when  that  weight  is 
reached. 

A  small  hole  is  drilled  through  the 
face  of  the  scale  at  a  position  cor¬ 
responding  to  the  weight  to  be  in¬ 
dicated.  A  light  source  is  mounted 
in  front  of  the  hole  and  a  phototube 
is  placed  back  of  the  hole  in  such  a 
manner  that  the  beam » of  light  is 
interrupted  by  the  pointer  or  by  a 
flag  attached  to  the  pointer  when 
this  weight  is  reached.  The  output 
of  the  phototube  is  amplified  and, 
when  interrupted,  operates  a  relay 
which  energizes  the  selected  signal 
device. 

The  advantage  of  the  electronic 
method  of  control  in  this  instance  is 
the  fact  that  no  error-producing  load 
is  introduced  in  the  mechanism  of 
the  scale  by  the  articulating  device. 

Editor’s  note  —  This  hole-in-the 
scale  device  is  widely  used  with 
phototubes  for  controlling  mechan¬ 
ical  or  electrical  quantities. — Kron 
Scale  Co.,  Electronics,  January, 
1942,  p.  60. 
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Hytron’s  newly  acquired 
"Sunshine  Plant"  at  New- 
buryport,  Massachusetts 


Hyfron's  Plant  at  Salem 


Hytron  REMEMBERS  PEARL  HARBOR — Wake  Island — Bataan — Corregidor. 
As  its  contribution  to  the  swelling  tide  of  production  which  will  equip  the 
nation  with  an  overwhelming  flood  of  war  materials  to  avenge  these  tempo¬ 
rary  defeats,  Hytron  is  developing  at  top  speed  the  productive  capacity  of 
its  new  plant  at  nearby  Newburyport.  The  new  factory  is  so  large  that  it 
could  easily  accommodate  on  one  floor  the  entire  Salem  plant.  In  this 
appropriately-named  radio  war,  Hytron's  quadrupled  facilities  will  play  an 
important  part  in  the  production  of  vital  electronic  tubes  to  be  used  in 
making  the  enemy  remember  with  regret  his  mistake  in  attacking  the 
United  States. 


HYTRON  CORPORATION 


Manujacturers  of  electronic  tubes  since  1921 


Newburyport .  .  .  MASSACHUSETTS  .  . .  Salem 


MORE  TUBES  FOR  VICTORY 


RECEIVIRB— ’GT",  "G 


or  acorns  ,  K.M.A.  or 
Government  typ«s,  —  twenty-two  yea»»  of  experi¬ 
ence  give  yojj  time-tested  quality. 

TRANSMITTINB  —  ^(ationally  famoA  u-h-f  designs, 
popular  instant-heating  tubes  for  mobile  use,  stand¬ 
ard  Hytron  triodes  t^d  rectifiers,  all  perform 

efficiently — depen  debly.  / 

SPECIAL  PURPOSE  From  nridium  power  tubes 

to  tiny  miniature  types,  Hytrc-n  welcomes  the  oppor¬ 
tunity  to  manufacture  m  protection  quantities  the 
specialixed  tubes  you  may  n^d  for  your  war  pro¬ 
duction.  Vv 
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Meosnremenl  of 
Turbidity  In  Liquids 

The  turbidity  of  almost  clear  solu¬ 
tions  can  be  measured  by  the  extent 
to  which  a  light  beam  is  dispersed 
by  the  suspended  particles.  By  the 
use  of  proper  filters,  cdored  solu- 
.  tions  can  also  be  measured.  The 
method  is  to  pass  a  collimated  light 
beam  through  two  grids  consisting 
of  alternate  bars  and  open  spaces 
with  the  sample  and  a  lens  system 
between  them.  The  grids  must  be 
machined  very  accurately  so  that  the 
two  units  are  of  the  same  dimensions 
and  so  that  the  bars  and  the  open 
spaces  are  of  the  same  size.  After 
the  light  beam  passes  through  the 
first  grid  it  consists  of  several  beams 
which  are  rectangular  in  cross  sec¬ 
tion.  A  pair  of  4-inch  objective  lenses 
is  mounted  in  a  slide  for  focussing. 


The  famous  Johnson  insulator  line  is  the  most  complete  of 
any  manufacturer.  Designed  by  engineers  for  practical 
application,  their  quality,  materials  and  excellence  of  work¬ 
manship  ore  often  imitated  but  never  equalled.  Nuts  ore 
carefully  milled  and  heavily  nickel  plated,  not  cheap 
stamped  unplated  types.  Studs  hove  accurately  cut  threads 
held  to  a  close  tolerance  and  heavily  plated.  Inferior 
varieties  use  cheaper  rolled  threads  that  bind  or  strip 
easily.  All  Johnson  insulators  ore  made  of  the  finest  elec¬ 
trical  porcelain  or  Steatite  (depending  on  type)  and  are 
remarkably  free  from  pin  holes,  impurities  and  imperfec¬ 
tions.  Substitutes  ore  usually  inferior  porcelain  or  clay 
such  os  that  used  in  dishes  and  pottery.  Superior  Johnson 
ports  cost  no  more — why  take  chances? 


Write  us  concerning  your  need.  Johnson  Engineers 
will  recommend  on  insulator  that  will  do  the  job 
better — often  at  a  lower  price.  After  all  Johnson  parts 
ore  GOOD  ports.  (Ask  for  Catalog  967D). 
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Diagram  of  the  circuit  and  optical  lyttem 
of  the  photoelectric  turbid;meter 


The  lens  system  is  adjusted  so  that 
:  the  light  beam  has  unity  magnifica- 
I  tion  on  the  second  grid.  The  second 
i  grid  is  positioned  so  that  the  rec¬ 
tangular  portions  of  the  light  beam 
,  fall  on  the  bars.  Thus,  no  light  gets 
i  past  the  second  grid,  except  that 
I  which  results  from  imperfect  ma¬ 
chining  of  the  grids.  Beyond  the  sec- 
I  ond  grid  is  a  barrier  type  photocell 
I  to  detect  any  light.  Another  photo- 
j  cell  is  located  near  the  light  source 
j  as  shown  in  the  diagram  and  con- 
I  nected  to  a  potentiometer  across 
j  which  are  connected  the  first  photo- 
I  cell  and  a  microammeter.  This  is  for 
■  the  purpose  of  balancing  out  any 
light  getting  past  the  second  grid, 
j  When  a  liquid  sample  is  placed  be- 
,  tween  the  two  grids  as  shown,  any 
suspended  particles  cause  a  dispersal 
of  the  light  and  permits  it  to  pass 
i  through  the  openings  of  the  second 
grid  to  the  photocell  where  it  is  con¬ 
verted  into  electrical  energy  for 
measurement. — Silverman,  Review 

of  Scientific  Instruments,  February, 
1941  (Electronics,  April,  1941,  p. 
100). 
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SILK  COVERED 
COTTON  COVERED 
CELANESE  COVERED 
GLASS  FIBRE  COVERED 
LITZENDRAHT  AND 
SPECIALS  TO  ORDER 


ENAMELED  COPPER 
ENAMELED  IRON 
ENAMELED  ALLOY 
ENAMELED  ALUMINUM 
TWISTED  MULTIPLES 
PARALLEL  MULTIPLES 


%  There’s  more  to  present  day  engineer¬ 
ing  and  design  problems  than  shortages 
of  materials,  priorities,  etc.  There  is  also 
the  question  of  whether  specifications  have 
been  rigidly  adhered  to.  Wire,  for  ex¬ 
ample,  must  meet  such  requirements 
as  specific  electrical  properties,  flexibility, 
tensile  strength,  laying  speed,  uniform¬ 
ity,  etc. 

Whether  it’s  a  buyer’s  or  a  seller’s  market, 
WINCO  magnet  wire  products  are  drawn 


to  exact  specifications.  Uniformity  of  prod¬ 
uct  is  guaranteed  by  mercury  process  tests 
and  careful  supervision  guards  against 
variations  in  consistency,  structure  or  elec¬ 
trical  values. 


If  you  have  a  wire  problem,  our  complete 
facilities  are  at  your  disposal.  Send  blue¬ 
prints  or  specifications  for  recommenda¬ 
tions,  without  obligation.  Samples  sent  on 
request;  write  today. 


i/Welding  Trans, 


Work 


'■lgnitrons-‘ 

■  '^Thyratrons-^ 

Electronic  timing  or 
phase  control 


Daylight  Measiireineiit 
of  Gload  Heights 

The  height  of  clouds  above  ground 
level  is  of  utmost  importance  to  air¬ 
craft  operators  and  can  be  measured 
in  daylight  by  means  of  a  modulated 
light  beam  pointed  vertically  at  the 
cloud,  and  a  photoelectric  detector 
unit  and  amplifier.  The  light  source 
is  an  a-c  operated  ,high  intensity 
mercury  vapor  lamp  operated  on 
60-cps  power.  The  modulation  of  the 
beam  is  about  95  percent  and  has  a 
frequency  of  120  cps.  The  detector 
system  includes  a  lens  system  de¬ 
signed  to  pick  up  a  cloud  area  no 
larger  than  that  illuminated  by  the 
light  beam  to  reduce  the  background 
light  to  a  minimum.  A  type  929 
phototube  is  used  5nd  its  current  is 
amplified  by  a  five  stage  resistance- 
capacitance  amplifier  tuned  to  120 
cps.  In  practice,  the  base  of  the  cloud 
is  scanned  by  the  detector  until  the 
output  meter  indicates  that  the  light 
signal  is  being  received.  The  compu¬ 
tation  of  cloud  height  is  a  simple 
trigonometric  problem  making  use  of 
a  known  base  line  and  one  angle  of  a 
right  triangle  to  determine  the  verti¬ 
cal  leg,  or  height  of  the  cloud. — 
Electrical  Engineering,  May  1941. 


circuit  operation  is  precisely  the 
same  as  outlined  above.  It  will  be 
obvious,  however,  that  welding  cur¬ 
rent  may  be  started  and  stopped  by 
starting  and  stopping  ignitron  con¬ 
duction,  using  the  ignitrons  as  an 
“electronic  switch.”  It  will  also  be 
apparent  that  the  ignitrons  may  be 
used  as  an  “electronic  rheostat”  if 
some  means  of  causing  them  to  fir© 
at  controllable  points  along  each  half 
cycle  of  a.c.  is  employed. 

One  method  of  controlling  the  ig¬ 
nitrons  and  thus  controlling  welding 
time  or  welding  current  or  both  is  to 
connect  thyratron  tubes  between  ig¬ 
nitron  anodes  and  igniters  as  shown. 
The  thyratrons  may  be  controlled  by 
means  of  any  conventional  electronic 
timing  circuit  or  by  phase-shift 
methods  described  elsewhere  in  this 
issue  and  will,  in  turn,  control  the 
points  along  each  half  cycle  at  which 
associated  ignitrons  fire.  No  special 
provision  for  stopping  ignitron  cur¬ 
rent  flow  is  required  in  this  circuit 
as  the  tubes  automatically  cease  con¬ 
duction  on  half  cycles  of  a.c.  during 
which  their  anodes  are  negative  with 
respect  to  their  cathodes. — General 
Electric  Company,  Instruction  Man¬ 
ual. 


TWO  NEW 
FRANKLIN 
SOCKETS 


NOW  BEING  MANUFAC¬ 
TURED  FOR  ARMY,  NAVY 
AND  SIGNAL  CORPS  RE- 
OUIREMENTS. 


STEATITE  CERAMIC  SOCKET 
FOR  U.H.F.  ACORN  TUBES— 
minimum  electrical  losses; 
special  tempered,  silver-plated, 
phosphor  bronze  contacts — min¬ 
imum  insertion  pressure;  snap- 
in  contacts  withstand  severe 
vibration. 


Stimulus - 
Electrical 


The  direction  of  rotation  and  the 
speed  of  d-c  motors  may  be  controlled 
by  means  of  the  circuit  shown.  The 
motor  field  is  operated  from  any 
suitable  d-c  source.  Alternating  cur¬ 
rent  is  applied  to  the  motor  field  in 
series  with  two  thyratron  rectifiers 
connected  “back  to  back.”  The  thy¬ 
ratrons  employed  here  are  cut  off 
unless  their  grids  are  made  positive 
with  respect  to  their  cathodes. 
Throwing  the  control  switch  to  the 
left  makes  the  grid  of  thyratron  A 
positive  and  that  tube  conducts.  Half 
waves  of  current  pass  through  the 
motor  armature  in  one  direction  and 
the  motor  operates.  Throwing  the 
control  switch  to  the  right  causes 
tube  B  to  fire  and  the  motor  direction 
reverses. 

If  a  variable  inductance  is  in¬ 
cluded  in  the  center  arm  of  the  con¬ 
trol^  switch,  as  drawn,  it  will  be  pos¬ 
sible  to  control  motor  speed  as  well 
as  the  direction  of  motor  rotation. 
Varying  the  inductance  shifts  the 
phase  of  voltage  applied  to  the  thy- 


(Continued  from  page  74) 

electronic  control  equipment  is  in¬ 
serted  in  series  with  this  lead.  The 
control  comprises  two  ignitron  tubes 
connected  in  such  a  manner  that  pri¬ 
mary  current  flows  through  one  tube 
on  one  half  cycle  and  through  the 
other  tube  on  the  other  half  cycle. 
When  the  ignitrons  are  conducting. 


LOW  LOSS  MOLDED  LOCK-IN 
TUBE  SOCKET.  Shell  is  special 
mica  filled  phenolic — efficient 
operation  at  higher  frequencies. 
Revolutionary  contact  design 
— allows  thousands  of  inser¬ 
tions  and  rotation  of  tube  with¬ 
out  contact  failure.  Locking 
spring  of  stainless  steel — ten¬ 
sion  to  maintain  tube  in  posi¬ 
tion  imder  severe  vibration. 

CHECK  YOUR  REQUIRE¬ 
MENTS  WITH  US.  WE  MAY 
BE  ALREADY  TOOLED  UP  TO 
MAKE  THE  PARTS  YOU  NEED. 


ReaUtance  welding  control  circuit  using 
ignitrons  to  control  primary  current  and 
thyratrons  to  control  the  ignitrons 
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FRANKLIN  Can  Help  You 
STEP  UP  DEFENSE  DELIVERIES 


COMPLETE 
TOOL  ROOM 
FACILITIES 


Punch  and  Drill  Presses 


EAKEUTE  AMD  MIETAL 
ASSEmSUES 


Ready  tor  Large  or  Small  Orders 


TTTE  have  produced  many  millions  of  the  above 
*  *  illustrated  items  for  leading  radio  and  electrical 
apparatus  Manufacturers.  Today  we  hove  the  facili¬ 
ties  to  render  similar  service  to  any  manufacturing 
organization  engaged  in  defense  production*  in  large 
or  small  quantities*  standard  or  special  designs.  Quo¬ 
tations  made  promptly  from  your  blueprints. 


A.  W.  FRANKLIN  MFC.  CORP 

175  Varick  Street  New  Y< 

T.l.phen.:  WAIIrar  S-6037 
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I.  DIELECTRIC 
STRENGTH 


2.  TENSILE 
STRENGTH 


3.  ELONGATION 


7.  RESISTANCE 
TO  AGING 


Closed  core  choke 


DC 

field 


nOvK 

armah/re 


switch- 


ratron  grids  so  that  the  conducting 
tube  rectifies  during  part  rather  than 
all  of  a  half  cycle.  Latitude  of  speed 
control  is  increased  if  the  thyratron 
grid  resistors  are  made  variable. 

Rapid  motor  braking  may  be 
achieved  by  using  a  control  switch 
whose  center  arm  normally  contacts 
both  grid  return  circuits.  In  this 
case  both  thyratrons  fire  alternately 
with  the  result  that  full  wave  a.c.  is 
applied  to  the  motor  field.  Inertia  of 
the  armature  rotor  will  be  sufficient 
to  stop  “hunting”  by  the  motor  as 
the  polarity  of  voltage  applied  to  the 
field  changes.  The  closed  core  choke 
in  series  with  the  a-c  supply  is  in¬ 
cluded  to  reduce  current  flowing 
through  the  armature  when  the  mo¬ 
tor  is  held  at  a  standstill,  saturation 
of  the  core  of  the  choke  reducing  its 
inductance  and  avoiding  serious  volt¬ 
age  drop  when  the  motor  is  operated. 
The  fact  that  current  flows  in  the 


GET  THIS  Ql^ 
TOR 

SPLIi^ll^iW 


Direct-current  motor  control  circuit.  It 
permits  the  direction  of  rotation  to  be  re¬ 
versed,  provides  variable  speed  adjxist- 
ment  and  lends  itself  to  rapid  motor 
braking 


You’re  paying  for  all  7  of  these  advantages  in  any 
Varnished  Cambric  Tape  or  Cloth  you  buy.  Why  not 
specify  EMPIRE  — it  costs  no  more  to  be  sure  of  all  7. 

Through  years  of  experience  and  research,  we  have 
developed  Empire  Tapes  and  Cloth  to  the  point  where 
they  earn  top  rating  from  every  standpoint.  Both  equip¬ 
ment  manufacturers  and  power  companies  have  proved 
this  in  searching  tests.  And  they  back  it  up  with  orders 
and  reorders  whenever  this  type  of  material  is  needed. 

If  you  need  Varnished  Tape  or  Cloth  send  the  coupon 
for  a  stock  sample  of  Empire.  Subject  it  to  your  own 
tests  for  first-hand  evidence  of  its  all-round  excellence. 


motor  armature  only  on  half  cycles 
requires  that  the  a-c  supply  have  ap¬ 
proximately  twice  the  voltage  re¬ 
quired  by  the  armature  to  compen¬ 
sate  the  voltage  drop  in  the  rectify¬ 
ing  system. — Ryder,  Electronics, 
December  1938,  p.  20. 


High  Speed  Stroboscopic 
Light  Source 

A  Cooper-Hewitt  mercury  vapor 
lamp  may  be  used  as  a  source  of  high 
speed  stroboscopic  light  for  the  ob¬ 
servance  or  photographing  of  recur¬ 
rent  or  transient  phenomena.  The 
circuit  shown  in  simplified  form  pro¬ 
vides  control  of  timing  and  brilliancy. 


USE  THE  COUPON  TODAY! 


MICA  INSULATOR  CO.,  Dept.  31.  198  Varick  St.,  New  York,  N.  Y. 


Send  me  samples  and  prices  of :  Empire  Straight  Cut  Cloth  Yellow 


Black  ■ 

.010 

Black  .010. 


Empire  Seamless  Bias  Tape  Yellow  .010. 


Name 


Compaii, 


Address. 
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TWO  PARTS  PER 


Atypical  ILLUST  ration  ol  the  care  used  in 

manufacturing  and  tes  ting  G-R  equipment  is  the  Type 

815  Precision  Fork,  widely  used  as  a  low-frequency  standard,  in  geo¬ 
physical  exploration,  general  laboratory  testing,  and  in  rating  clocks 
and  watches.  These  forks  are  supplied  for  frequencies  of  50,  60  or  100 
cycles.  They  are  calibrated  to  an  accuracy  of  two  parts  per  million. 

The  material  from  which  the  forks  are  made  is  low-temperature- 
coefficient  stainless  steel,  received  from  the  supplier  in  the  form  of 
bars.  As  the  temperature  coefficient  of  different  lots  of  steel  varies, 
a  sample  fork  is  made  from  each  new  lot  and  the  coefficient  is 
obtained  after  a  protracted  temperature  run. 

From  previously  determined  mechanical  tolerances,  the  forks  are 
then  machined  in  our  shop.  The  average  fork  as  received  from  the 
shop  is  about  two  cycles  below  its  nominal  frequency.  The  initial 
frequency  is  measured  to  within  one  millicycle.  From  data  previously 
obtained,  the  amount  of  material  to  be  milled  from  the  ends  of  the 
tines  is  determined  and  the  fork  is  returned  to  the  shop  for  the  first 
rough  adjustment.  A  second  check  to  within  one  millicycle  is  then 
made  and  if  necessary  the  fork  is  returned  to  the  shop  again  for 
further  adjustment.  Occasionally  a  third  rough  check  and  adjustment 
are  required. 

The  fork  is  then  ready  for  final  adjustment  and  calibration.  A 
hole  is  drilled  and  tapped  in  the  end  of  each  tine  to  receive  two 
adjustable  loading  screws.  The  frequency  is  measured  to  within 
one  millicycle  with  both  tine  holes  empty,  with  an  inner  tine  screw 
in  each  hole  and  then  with  an  outer  tine  screw  set  up  tightly  against 
the  first  screw.  From  these  measurements  the  approximate  amount  of 
material  to  be  cut  from  the  tine  screws  to  bring  the  frequency  very 
close  to  its  nominal  value  is  ascertained. 

The  fork  is  then  allowed  to  lun  for  a  half-hour  at  a  controlled 
temperature  of  77  degrees  F.  after  which  the  final  frequency  meas¬ 
urement  is  made.  Appropriate  adjustments  of  the  tine  screws  set  the 
frequency  to  within  0.001%  of  the  nominal  value.  The  voltage  coeffi¬ 
cient  of  frequency  is  now  obtained.  This  is  approximately  0.005%  per 
volt.  The  output  voltage  and  harmonic  content  are  then  measured. 

The  forks  are  then  placed  in  stock.  When  orders  are  received 
the  forks  are  returned  to  the  laboratory  and  the  frequency  is  measured 
at  a  driving  voltage  of  exactly  four  volts.  A  calibration  certificate 
showing  the  exact  frequency  to  within  0.002%  at  a  stated  tempera¬ 
ture  between  70  and  80  degrees  F.,  and  showing  the  temperature 
and  voltage  coefficients  of  frequency  is  supplied  with  each  fork. 


Th*  Type  SIS  Precision  Fork  is  cali- 
brotsd  in  terms  oi  the  G-R  Primary 
Standard  ol  Frequency.  A  harmonic 
of  the  frequency  standard  drives  a 
1,000-cycle  motor  to  which  is  affixed 
a  paper  strohoscopic  disc.  The  out¬ 
put  oi  the  Fork  is  amplified  and 
flashes  a  G-R  STROBOTAC,  used  to 
illuminate  the  strohoscopic  disc.  By 
countinq  the  number  of  spots  on  the 
paper  disc  passing  a  given  index  per 
unit  of  time,  the  frequency  of  the 
fork  can  be  measured  to  within  a 
few  parts  per  million. 


GENERAL  RADIO  COMPANY 

CAMBRIDGE,  MASSACHUSETTS 

Branches  in  New  York  and  Los  Angeles 
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The  thyratron  tube  is  triggered  at 
the  rate  required  to  “stop”  motion 
of  the  observed  subject  by  an  elec¬ 
tronic  voltage  pulse  generator  such 
as  a  relaxation  oscillator.  When  the 
grid  of  the  thyratron  goes  positive 
with  respect  to  its  cathode  the  tube 
fires  and  capacitor  C,  discharges 
through  the  transformer  primary, 
producing  an  extremely  high  voltage 
in  the  transformer  secondary.  This 
voltage  appears  as  an  electrostatic 
potential  between  the  mercury  and 
shield  of  the  lamp  and  ionizes  mer¬ 
cury  vapor  in  one  corner  of  the  lamp. 


.'.w 

.V'EV  -K  pi 

It  ^  '  t 


The  American  broadcasting  industry  contributes  to 
America's  strength  by  keeping  the  people  informed, 
by  increasing  public  morale,  by  promoting  national 
unity.  It  is  a  heartwarming  fact  to  every  member  of 
the  Blaw-Knox  organization  that  more  than  70%  of 
the  towers  in  the  nation  are  Blaw-Knox  built. 

BLAW-KNOX  DIVISION  of  Blaw-Knox  Co. 

2077  Farmers  Bank  Bldg.  Pittsburgh,  Pa. 


BLAW-KNOX 


RADIATORS 

FM  AND  TELEVISION  TOWERS 


A  Cooper-Hewitt  mercury  vapor  lamp  con¬ 
nected  in  the  circuit  shown  makes  a  good 
high  speed  stroboscopic  light  source.  A 
lamp  that  has  been  retired  from  regular 
illuminating  service  becatise  of  starting 
difficulty  will  fire  satisfactorily  in  this 
circuit 

The  high  voltage  power  supply  con¬ 
nected  across  the  ends  of  the  lamp 
causes  further  ionization  and  capaci¬ 
tor  Cj  discharges  through  the  Cooper- 
Hewitt.  Additional  brilliancy  may  be 
obtained  by  closing  one  or  both 
switche's.'^oonnecting  C,  and  C.  in 
parallel  with  C*.  The  associated  elec¬ 
tronic  timing  circuit  regains  control 
of  the  thyratron  by  swinging  the 
thyratron  grid  sharply  negative  soon 
after  C,  discharges,  at  w'hich  time 
the  anode  voltage  is  at  a  minimum. 
— Street,  Electronics,  April,  1940, 
p.  36. 

Stimulus-Physical 
or  Chemical 

(Continued  from  page  76) 

Motor  Speed  Checker 

The  speed  of  small  motors  may  be 
determined  under  conditions  ap¬ 
proximating  no-load  by  the  method 
shown  in  the  diagram. 

A  small  metal  fitting.  A,  is  fastened 
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Ill  uftrated:  a  few  typical examplee  of  the  many  precitlon  electri¬ 
cal  proJucte  Connecticut  it  equipped  to  manufacture  in  volume. 


Connecticut  TeUpK  one  and  Electric  Corporation  ig  a 
pioneer  in  tKe  engineering  and  manufacturing  o(  signal* 
in^,  communications  anJ  otKer  advanced  electrical  devices 
and  equipment  ♦  Experience  since  the  early  days  of  the  tele¬ 
phone  has  enabled  Connecticut  to  meet  the  exactin^j  require¬ 
ments  of  all  branches  of  the  service  in  two  wars.  Its  energies 
are  now  wholly  devoted  to  production  for  the  armed  forces  of 
the  United  Nations  ♦  The  return  of  peace  will  find  Connecti¬ 
cut  ready  with  many  significant  new  developments  for  civilian 
living.  Its  facilities  for  complete  product  fabrication  within  its 
own  plant  will  he  even  more  extensive  than  at  present.  And 
methods  for  applyinfj  Connecticut’s  laboratory  standards  of 
precision  in  mass  production  wi  11  he  still  further  advanced. 
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/or  Keying.. Aircraft  Control 
and  Communications 


Designed  to  your 
specifications  to 
operate  under  ex¬ 
treme  conditions  of 
humidity,  vibration, 
shock  and  tempera¬ 
ture. 


Serial  5 


GUIDE  TO  KURMAN  RELAY  SPECIFICATIONS 

RATED  INPUT  AMPERE  _ 

DC - AC“  CONTACT 

RATING  OUNCES 


DIMENSIONS 

INCHES 


WAHS 


NOTES 


I.  All  current  contact  ratings  are  in  am¬ 
peres  at  no  volts  iO  cycle  AC. 

II.  Dielectric  strength  of  1500  volts  exists 
between  contacts  ano  ground  in  Series  10,  II, 
IS. 

III.  Insulated  armature,  shown  on  Series  300, 
is  recommended  for  high  frequency  transfer. 
This  feature  may  be  specified  for  Series  200. 

IV.  Ferronickel  alloy  is  used  in  the  mag- 
netic  circuits  for  Series  10,  12,  200,  300. 

V.  Ceramic  insulation  in  Series  25  permits 


high  frequency  transfer  with  low  capacitive 
leakage. 

VI.  Dampened  armature  action  in  Sorias  25 
is  designed  to  reduce  contact  bounce  after 
initial  pull  down. 

VII.  Rated  watts  represents  practical  mini¬ 
mum  input  at  standard  adjustments. 

VIII.  AC  relays  have  approximately  .5  power 
factor. 

IX.  List  prices  vary  with  specific  voltage 
and  insulation  requirements. 


Series  12 


Korhaii  Electbic  Co.,  Inc 


241  LdfayeHe  Street  New  York,  N.  Y. 

RELAYS  •  TEST  EQUIPMENT  •  CONTROLS 

Manufacturers  of  Relays  since  1920. 


Set-up  for  meoBurinq  the  speed  of  small 
motors  without  introducing  a  load  in  the 
measurement  process 


to  the  motor  shaft  and  acts  as  the 
rotor  element  of  an  a-c  generator. 
The  frequency  of  the  a.c.  generated 
in  the  coil  surrounding  the  magnet 
of  the  generator  is  directly  propor¬ 
tional  to  the  speed  of  the  motor  and 
can  be  used  as  the  basis  of  a  com¬ 
parison  measurement.  The  output  of 
the  coil  is  connected  to  the  vertical 
deflection  plates  of  a  cathode-ray  os¬ 
cilloscope,  while  the  horizontal  plates 
I  lead  to  a  beat-frequency  oscillator 
whose  frequency  calibration  may  be 
marked  directly  in  rpm.  The  beat 
I  frequency  is  adjusted  until  the  pat- 
I  tern  formed  on  the  oscilloscope  is  a 
simple  ellipse,  which  is  the  Lissajous 
I  figure  indicating  that  the  two  oscil¬ 
loscope  input  frequencies  are  the 
I  same. 

I  The  a-c  generator  does  not  produce 
a  true  sine-wave  but  the  harmonics 
introduced  may  be  attenuated  by  the 
capacitance  C,  connected  across  the 
generator  output. — Clough  Brengle, 
Electronics,  October,  1939,  p.  47. 


Temperature  Control 

A  CONTROL  FOR  maintaining  the  tem¬ 
perature  of  any  enclosed  chamber 
within  a  few  thousandths  of  a  degree 
has  been  developed  in  the  labora- 
'  tories  of  the  Shell  Development  Co. 
i  It  uses  a  resistance  thermometer 
i  controlling  a  thyratron  tube  through 
a  phase-shifting  network.  The  re¬ 
sistance  changes  with  temperature 
and  therefore  is  useful  for  convert¬ 
ing  a  temperature  change  into  a 
voltage  change  the  thermometer  is 
I  located  in  the  chamber  and  is  con- 
j  nected  in  a  Wheatstone  bridge  cir- 
1  cuit  to  which  is  applied  a  60-cps 
I  voltage.  When  the  bridge  is  balanced 
I  the  temperature  is  at  the  desired 
j  point  and  nothing  happens.  If,  how- 
{  ever,  the  temperature  falls  below  the 


104 
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INTRICATE  CERAMIC  PARTS 


WHEN  special  ceramic  parts  are  required  in  small 
quantities  for  vital  wartime  applications,  the 
adaptability  of  Isolantite'i'  to  the  production  of  intri¬ 
cate  shapes  is  a  feature  of  major  importance. 

Through  years  of  experience  in  the  manufacture 
of  steatite  ceramics,  Isolantite  Inc.  has  developed 
fabricating  techniques  that  permit  the  production  of 
intricate  shapes  without  the  necessity  of  providing 
expensive  special  tools.  In  addition,  Isolantite’s  man¬ 
ufacturing  processes  permit  extremely  close  dimen¬ 
sional  tolerances  as  compared  with  general  ceramic 
requirements.  Critical  dimensions  can  be  held  within 
close  limits  to  facilitate  equipment  assembly. 

Suitability  for  the  production  of  intricate  shapes  to 
accurate  dimensions  is  only  one  of  Isolantite's  many 
advantages.  Uniformity  of  product,  high  mechani- 
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cal  strength,  electrical  emciency,  nonabsorption  of 
moisture— these  factors  all  contribute  to  dependable 
insulation  performance.  Because  of  its  unique  com¬ 
bination  of  properties  in  a  single  ceramic  body, 
Isolantite  is  the  choice  of  leading  manufacturers,  not 
only  in  the  high-frequency  fields,  but  for  all  appli¬ 
cations  where  high-grade  insulation  is  required  in 
intricate  shapes. 


CERAMIC  INSULATORS 

ISOLANTITE  INC.,  BELLEVILLE,  NEW  JERSEY 

*  Rrginered  trade- name  for  the  productr  of  Isolantite  Inc. 


XTE-  30  TUBING 


IRVINGTON,  NEW 
Plonts  at  Irvington,  N.  J.  and  Hamilton,  Ont.,  Can. 


Representative!  in  70  Principal  Cities 


XTE>30  Tubing  used 
in  wiring  eystum*  on 
preminunt  planas. 


Simplified  circuit  diagram  to  show  the  prin¬ 
ciple  of  operation  of  the  temperature  con¬ 
troller.  A  Toltage  appears  across  the  out¬ 
put  of  the  Wheatstone  bridge  when  un¬ 
balance  occurs,  its  phase  is  shifted,  it 
is  amplified  to  fire  two  thyratrons  (2A4G), 
and  control  the  heating  element  through  a 
saturable  reader 


On  planes,  pencil  pointing  machines  and  other 
equipment  requiring  protection  of  electric  cir¬ 
cuits,  IRV-O-LITE  XTE-30  Extruded  Plastic 
Tuhing  provides  lasting  insulation.  Many  manu¬ 
facturers  of  terminals,  lugs,  motors,  electric  ap¬ 
pliances,  electronic  devices  and  instruments  use 
IRV-O-LITE  XTE-30  to  guard  against  short  cir¬ 
cuits  and  grounds  caused  by  insulation  failure. 

The  choice  of  IRV-O-LITE  XTE-30  Extruded 
Plastic  Tubing  by  so  many  companies  in  widely 
varied  fields  is  accounted  for  by  the  advantages 
this  Fibronized  Tubing  provides. 

HIGH  DIELECTXIC  STRENGTH-  Dry  -  750  VPM:  Wet 
-350  VPM. 

REXIIILITY— So  elastic  it  can  be  flexed  on  itself  with 
wire  inside  without  cracking. 

HEAT  RESISTANCE-Withstands  soldering  temperature. 

Will  not  sunsort  combustion. 

CHEMICAL  RESISTANCE  -  Is  not  affected  by  denatured 
alcohol,  petroleum,  gsuoline,  concentrated  acids  and 
alkalies,  and  most  coni  tar  solvents. 

TENSILE  STRENGTH-2150  lbs.  per  sq.  in.  IRV-O-LITE 
resists  wear,  tear  and  abrasion. 

SMOOTH  WALLS—  Inside  and  out  for  easy  assembly. 

CONTINUOUS  LENGTHS-  Cut  down  waste. 

SIX  STANDARD  COLORS-Colors:  black,  green,  white, 
yellow,  red,  blue,  simplify  identification  of  wires  after 
installation. 

WIDE  RANGE  OF  SIZES- From  No.  24  to  li/i'  I.D. 

This  thin-walled  tubing  with  its  high  dielectric  strength 
saves  space  in  intricate  and  crowded  installations. 

Test  the  qualities  of  IRV-O-UTE  XTE-30  yourself. 

Write  Dept.  106  for  samples,  complete  product  infor- 
madon  and  prices. 

OTHER  IRVINGTON  TUBING 

IRV-0>UTE  XT1-100  T 

For  use  where  higher  dielectric  strength  f  }  The  new  transj 

and  temperatures  are  encountered.  \jlwaOV  resists  brittle 


IRV-O-LITE  XTE-30  provides  insulation 
on  the  Triple  "E"  Products  Company,  St. 
Louis  Electro-Pointer  Pencil  Sharpener. 


desired  point,  the  resistance  ther¬ 
mometer  changes  in  resistance  by  a 
very  small  amount  and  the  balance 
of  the  Wheatstone  bridge  is  upset. 
There  is  then  a  voltage  across  the 
output  of  the  bridge  and  this  is  fed 
into  the  phase  shifting  network  and 
the  primary  of  a  transformer.  The 
voltage  developed  across  the  second¬ 
ary  of  the  transformer  is  now  out 
of  phase  with  the  line  voltage  by  an 
amount  depending  on  the  pha.se 
shifting  network  and  it  is  fed 
through  a  two-stage  amplifier.  The 
output  of  the  amplifier,  even  with 
temperature  changes  of  a  few  thou¬ 
sandths  of  a  degree  in  the  chamber, 
is  sufficient  to  operate  the  two  2A4G 
thyratrons.  The  amplified  out-of- 
pha.se  voltage  is  applied  to  the  grids 
of  the  thyratrons  and  a  voltage  180 
degrees  out  of  phase  with  line  vol¬ 
tage  (a  step-up  transformer  is  used) 
is  applied  to  the  anodes.  The  thyra- 
tron  pass  anode  current  whenever 
a  very  slight  decrease  in  temperature 
in  the  chamber  occurs.  The  anode 
current  must  be  made  to  control  the 
application  of  heat  to  the  chamber. 
In  this  ca.se,  the  anode  current  is 


Added  insulating  protection  is  given  to 
solderless  wiring  devices  with 
IRV-O-IITE  XTE-30. 


IRV-O-LITE  XTE-30  is  used  os  insulation 
on  parts  for  famous  planes. 
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CABLE  CONNECTORS 
SOCKETS  and  RECEPTACLES 


ultra  Low- Loss  Insulation 


For  Electrical  and  Communications  Equipment 
on  Aircraft,  Military,  and  Naval  Service 

U.  S.  Army- Navy  specification  connec¬ 
tors.  Also,  British  military  type  connec¬ 
tors.  Conduits  and  their  fittings  and 
machines  for  attaching.  Plugs  and  Equip¬ 
ment  for  Radio  and  Microphone  applica¬ 
tions — Sockets  in  bakelite,  ceramic,  and 
polystyrene  for  all  types  of  Vacuum  Tubes 
—Coax  and  Twinax  Cables— Beaded  and 
Copolene  flexible  solid  dielectric  types 
—Polystyrene  Rods,  Sheets,  Tapes,  and 
Molded  Parts. 

These  products  and  many  others  are 
engineered  by  Amphenol  to  render  high¬ 
est  satisfaction  and  service.  Use  approved 
Amphenol  products  on  the  war  equipment 
you  build.  Write  for  latest  catalog  on 
your  letterhead. 


ELECTRONICS  — /anp  1942 


200,000 


.passed  through  a  saturable  reactor, 
one  winding  of  which  is  in  series 
with  the  power  line  and  an  electric 
heater.  When  zero  current  passes 
through  the  saturable  reactor,  the 
heater  winding  acts  as  a  current- 
limiting  reactor  and  no  voltage  is 
applied  to  the  heater.  However, 
when  current  does  flow  through  it, 
it  becomes  saturated  and  the  in¬ 
ductance  drops  to  a  very  low  value. 
Voltage  is  applied  to  the  heating  ele¬ 
ment  whenever  thyratron  current 
flows.  When  the  temperature  reaches 
the  desired  level,  the  bridge  is  again 
balanced,  thyratron  anode  current 
flows  and  application  of  heat  ceases. 

To  avoid  overloading  the  circuit 
when  a  relatively  great  drop  in  tem¬ 
perature  occurs,  automatic  gain  con¬ 
trol  is  used  on  the  amplifier.  This  is 
obtained  by  the  application  of  auto¬ 
matic  bias  control  derived  from  part 
of  the  output  transformer. — Penther 
and  Pompeo,  Electronics,  April 
1941,  p.  20. 


Bas«d  on  unbiasad  raports  from  taits 
conductad  by  station  anginaars  in 
major  studios,  and  undar  normal 
oparating  conditions,  "no  batter  In- 
stontonaous  f  cording  blank  was  avar 
moda." 


yOU'VB'GOT  MOTH  I  MG  TO  LOSS! 


Sensitive  Contact 
Indicator 

A  SO-CALLED  “MAGIC-EYE”  Cathode- 
ray  tube  (used  as  tuning  indicators 
in  radio  receivers)  may  be  used  as 
a  simple  and  inexpensive  indicator 
of  the  precise  moment  at  which  two 
metallic  bodies  touch.  Used  in  con¬ 
nection  with  an  interferometer  type 
strain-gage  calibrator,  for  example, 
it  has  been  found  that  the  relative 
position  of  two  polished  steel  sur¬ 
faces  at  the  instant  of  contact  will 
be  indicated  with  a  maximum  varia¬ 
tion  of  four  millionths  of  an  inch  on 
successive  tests. 

Referring  to  the  figure,  the  grid  of 
the  6E5  is  biased  sufficiently  nega- 


HERE’S  OUR  GUARANTEE!  Send  for  a  trial 
order  of  ’’Black  Seal”  Blanks.  We  guarantee 
that  they  are  as  good  as,  or  superior  to,  any  disc 
you  have  ever  used.  If,  after  giving  them  every 
test  you  can  think  of,  you  find  that  they  do  not 
live  up  to  our  claims,  return  the  unused  discs, 
and  keep  the  used  ones  with  our  compliments. 
You’ve  got  nothing  to  lose.  We  pay  the  freight 
both  ways!  You  don’t  pay  unless  you  are 
satisfied!  Remember — ^you  won’t  know  unless 
you  try! 


For  Transcriptions,  Professional  Recordings  and  Libraries, 
Gould-Moody  "Black  Seal"  Glass  Base  Instantaneous 
Recording  Blanks  "Speak  for  Themselves" 


Write  for  trial  order  or  complete  information  today. 
All  accounts  serviced  with  styli  and  shipping  cartons 
at  actual  cost.  10",  12"  and  16"  sizes,  with  2  or  4  holes. 


Sensitive  contact  indicator.  The  target  of 
the  tube  is  illuminated  when  the  contacts 
touch,  a  useful  indication  method  lor  use 
in  connection  with  micrometers,  inter¬ 
ferometers  and  other  measuring  instru¬ 
ments 
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isniFying  90  Percent  or  More  Employee  Participation  in  the  Pay-Roll  Savings  Plan 

It  doesn’t  go  into  the  smoke  of  battle,  but 
wherever  you  see  this  flag  you  know  that  it  spells 
Victory  for  our  boys  on  the  fighting  fronts.  To 
everyone,  it  means  that  the  Arm  which  flies  it  has 
attained  90  percent  or  more  employee  participa¬ 
tion  in  the  Pay-Roll  Savings  Plan  .  .  .  that  their 
employees  are  turning  a  part  of  their  earnings 
into  tanks  and  planes  ancl  guns  regularly,  every 
pay  day,  through  the  systematic  purchase  of 
U.  S.  War  Bonds. 

You  don’t  need  to  be  engaged  in  war  production 
activity  to  fly  this  flag.  Any  patriotic  firm  can 
qualify  and  make  a  vital  contribution  to  Victory 
by  making  the  Pay-Roll  Savings  Plan  available 
to  its  employees,  and  by  securing  90  percent  or 
more  employee  participation.  Then  notify  your 
State  Defense  Savings  Staff  Administrator  that 


you  have  reached  the  goal.  He  will  tell  you 
how  you  may  obtain  your  flag. 

If  your  firm  has  already  installed  the  Pay-Roll 
Savings  Plan,  now  is  the  time  to  increase  your 
efforts:  (1)  To  secure  wider  participation  and 
reach  the  90-percent  goal;  (2)  to  encourage 
employees  to  increase  their  allotments  until  10 
percent  or  more  of  your  gross  pay  roll  is  sub¬ 
scribed  for  Bonds.  “Token”  allotments  will 
not  win  this  war  any  more  than  “token”  resist¬ 
ance  will  keep  our  enemies  from  our  shores, 
our  homes.  If  your  firm  has  yet  to  install  the 
Plan,  remember,  TIME  IS  SHORT. 

W rite  or  wire  for  full  facts  and  literature  on  instal¬ 
ling  your  Pay-Roll  brings  Plan  now.  Address 
Treasury  Department,  Section  D,  709  I2th  St., 
NW.,  Washingtofi,  D.  C 


WAR  Bonds  ★  Stamps 


ELECTRONICS 


This  Space  is  a  Contribution  to  Victory  by 


Form  No.  L>tiS-BP-4 


u.  s.  eovcuNMCNT  puiNTiHe  orricc  10 — 27879-1 
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CANNON  PLUGS 


FOLLOW  THE  FLAG 


dVe  wittf  respect  to  the  cathode  to 
cut  oflf  anode  current  and  the  target 
fluoresces  all  around.  When  the  con¬ 
tacts  touch,  the  grid  of  the  tube  is 
made  positive  with  respect  to  the 
anode  and  target,  anode  current 
flows  and  a  shadow  appears  on  the 
target. — Mills,  Review  of  Scientific 
Instruments,  February,  1941,  p. 
105. 


Costing  Tester 

Certain  metal  castings  may  be 
tested  for  cracks  or  other  imperfec¬ 
tions  by  striking  them  with  a  ham¬ 
mer  and  comparing  the  “ring”  with 
that  of  a  similar  casting  known  to  be 
perfect.  The  value  of  such  a  test  de¬ 
pends  to  a  large  extent  upon  identical 
suspension  or  mounting  of  sample 
and  standard  castings,  striking  of 
both  with  the  same  force  at  the  same 
relative  point  and  the  accuracy  with 
which  differences  in  sound  pitch 
can  be  distinguished. 


■—on  land— in  the  air— at  sea 


Wherever  electrical  circuits  are  used  and  it  is  necessary 
to  make  or  break  circuits  frequently  for  installation, 
inspection  or  servicing— there  you  will  find  a  Cannon 
Connector  especially  designed  for  the  job. 

Every  Cannon  Plug  is  built  with  precision  for  quick 
*  installation  or  assembly  and  to  give  absolutely  contin¬ 
uous  contact  under  extreme  conditions. 

You’ll  find  Cannon  Plugs  in  all 
American  fighting  and  transport 
planes,  on  the  sound  stages  of  motion 
picture  studios,  in  radio  stations,  in  the 
Army’s  new  tanks,  in  geophysical  re¬ 
search,  on  ships  at  sea  and  any  other 
places  where  electrical  connections 
have  to  be  made 
quickly  and  with 
absolute  security. 


Here  are  three  of  sev¬ 
eral  types  of  Cannon  m 
Plugs  used  in  the  elec-  I 
tronics  field. 


CANNON  ELECTRIC 

development  company 

LOS  ANGELES  •  CALIFORNIA 


Suspension  of  samples  and  test 
castings  may  be  made  uniform  by 
any  one  of  a  number  of  mechanical 
means  which  need  not  be  mentioned 
here.  Uniformity  of  striking  point 
and  power  may  be  solved  by  using 
rigidly  positioned  and  mechanically 
or  electrically  driven  hammers. 
Sound  output  at  a  given  standard 
pitch  may  be  measured  by  feeding 
the  “ring’  into  a  microphone  mounted 
a  fixed  distance  from  the  hammer, 
amplifying  the  microphone  output 
by  an  a-c  amplifier  equipped  with  a 
band-pass  filter  designed  to  accept 
the  standard  frequency  only  and, 
finally,  operating  an  output  meter 
giving  a  visual  peak  reading.  Elec¬ 
tronic  Control  Corp.,  Electronics — 
February,  1939,  p.  25. 


Vibration  Burglar  Alarm 

The  vibration  accompanying  an 
attempt  to  cut  or  break  through  a 
property  boundary  fence,  or  vibra¬ 
tion  induced  in  a  fence  from  the 
ground  by  attempts  to  tunnel  be¬ 
neath  or  jump  over  a  fence,  or 
vibration  of  a  fence  by  sound  waves 
produced  in  the  vicinity  of  the  fence, 
can  be  transmitted  along  the  rails 
or  other  inter-connecting  members 
of  the  fence  for  a  considerable  dis¬ 
tance.  Such  vibration  may  be  used 
to  actuate  an  electronic  alarm  circuit, 
a  vibration  unit  converting  me- 
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Type  C43S1  Series.  Used  for  Tube  Warming 
Tube  Cooling,  and  High  Limit  Controls 


Type  C-6363  Switch  Circuit  Breaker 


Type  C28S1  Series,  Used  as 
Roughing  Controls  on  Outer 
Crystol  Ovens 


Type  B3120  Crystal  Dew  Point 
Control 


Type  ER  Series  Ambient  Compensated  Time 
Delay  Relays 


Type  RT  Adjustable  Crystal  Temp. 
Oven  Control 


Disc  Operated 


ior  PosHivOr  Snap-Acting  Controi 


Klixon  ('ontrols  liave  a  wide  range  of  applications. 
They  are  used  for  motor  and  transformer  overheat  pro¬ 
tection,  electrical  circuit  overloatl  protection,  temitera- 
ture  control,  as  well  as  many  uses  in  radio  etiuipment. 
And  the  big  jH'rformance  advantages  that  you  get  with 
these  controls  are  due  to  the  snap-acting  Sj)enc‘er  Disc-, 
which  is  the  heart  of  Klixon  ('ontrols.  This  disc  not 
only  insures  more  accurate,  |)ositive  action  but  also 
eliminates  many  of  the  troubles  common  to  mort'  com- 
plicatetl  and  more  fussy  controls. 

Because  of  the  scientifically  calibrated  Sj)encTr  Disc-, 
Klixon  Controls  are  unaffected  by  motion,  altitude,  or 
jwsition  of  mounting  and  they  are  highly  immune  to 
shock  and  vibration.  Morc*over,  Klixon  Controls  are 


small  and  compact,  simple,  yet  rugged  in  construction, 
light  in  weight,  low  cost,  and  ca|)able  of  handling  heavy 
duty  elect ric-al  loads  with  ease. 

It  is  very  probable  that  many  of  the  standard  tyi>es 
of  Klixon  Controls  are  suitable  for  your  requirements. 
If  not,  Sj)enc-er  Thermostat  (’ompany’s  engineering  de- 
jiartment  will  gladly  co-operate  with  you  on  your  prob¬ 
lems  and  in  the  development  of  s|)ecial  clisc--operateci 
controls  for  vour  nc*eds. 


Spencer  Thermostat  Co, 

1406  I<X)REST  STREET  •  .4TTLEBORO.  M.XSSAC'Hl  SETTS 
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THERMOSTATIC  BI-METALS 


ELECTRICAL  CONTACTS 


★  The  H.  A.  Wilson  Company  is  playing  a 
vital  role  in  today’s  war  production — just  as 
it  has  for  over  27  years  in  peace-time  industry. 
Meeting  the  most  exacting  war  requirements, 
^  ilco  offers  a  wide  variety  of  specialized  ther¬ 
mostatic  bi-metals  of  the  high  and  low  tem¬ 
perature  types.  Also  a  series  of  resistance  bi¬ 
metals,  (from  24  to  440  ohms,  per  sq.  mil,  ft.). 
Wilco  electrical  contact  alloys  are  available 
in  Silver,  Platinum,  Gold,  Tungsten,  Special 
Alloys,  Metal  Powder  Groups.  Wilco  Aeralloy 
is  the  outstanding  aircraft  magneto  contact 
alloy.  Wilco  engineers  welcome  your  problem. 


The  H.  A. WILSON  CO 


105  CHESTNUT  ST.,  NEWARK,  N.  J, 

Branches:  Chicago  and  Detroit 


chanical  energy  into  electrical  en¬ 
ergy. 

To  operate  such  a  unit  there  must 
be  a  variation  in  the  relative  position 
of  the  actuating  needle  or  driving 
lever  and  its  crystal  or  coil.  One  ele¬ 
ment  must  move  while  the  other 
element  remains  motionless,  or  one 
element  must  move  more  than  the 
other.  The  latter  principle  permits 
the  entire  unit  to  be  connected  to 
the  fence  alone,  rather  than  to  the 
fence  and  a  more  rigid  support,  as 
one  element  may  be  driven  by 
direct  connection  to  the  case  of  the 
device  contacting  the  fence  while  the 
other  is  damped  in  some  manner. 
One  method  of  accomplishing  this  is 
to  weight  one  element  and  suspend 
it  from  a  spring,  using  the  inertia 
of  the  weighted  spring  to  provide 
damping. 


Vibration  unit  connected  to  transmit  an 
alarm  when  a  property  boundary  fence  is 
.  disturbed 


The  output  of  the  unit  is  used 
to  drive  an  audio-frequency  ampli¬ 
fier.  The  a-f  output  of  the  amplifier 
is  rectified  and  the  resultant  d.c. 
operates  a  sensitive  relay  which  con¬ 
trols  any  desired  variety  of  signal, 
such  as  a  light,  bell,  or  horn.  Con¬ 
nection  of  a  loudspeaker  to  the  out¬ 
put  of  the  a-f  amplifier  will  permit 
sounds  transmitted  to  be  heard.  De¬ 
pending  upon  the  character  of  the 
fence  and  the  character  of  the  unit, 
it  may  be  possible  to  identify  sounds 
and  to  understand  speech  originating 
in  the  vicinity  of  the  unit. 


Acousticdlly  Actuated 
Alcums 

Acoustically  operated  alarm  de¬ 
vices  today  commonly  installed  in 
vaults  are  generally  designed  to  turn 
in  an  alarm  when  physical  attack 
upon  walls,  floor  or  ceiling  occurs 
rather  than  to  give  an  alarm  on  rela- 
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’I  ■  ,  C 


COMPENSATE  FOR  HEAT  EFFECTS 
ON  METAL  CONDUCTORS 


SPEER  NEGATIVE  TEMPERATURE 
COEFFICIENT  RESISTORS 


Negative  change  in  resistance  obtainable  from  10  ohms 
to  10  megohms  —  with  degree  of  change  varied  to  meet 
customer’s  requirements. 

A  typical  application  is  a  SPEER  Negative  Tempera¬ 
ture-Coefficient  Resistor  connected  _ 

in  series  with  a  coil  in  such  a  man¬ 
ner  that  the  resultant  ampere  turns 
remain  constant.  Resistors  for  such 
service  generally  range  from  20  to 
500  ohms,  change  approximately 
0.2%  per  degree  C.  change  of  tem¬ 
perature,  and  range  from  1  to  12 
watts.  For  heavy  wattages,  these 
resistors  can  be  furnished  in  flat 
discs  or  other  shapes  to  fit  housings.  * 


WEElf 

I  RESISTOR 


SPEER  NT-C  Resistors,  available  in  any  size  illus¬ 
trated,  insulated  or  non-insulated,  are  particularly 
useful  in  voltage  regulator  and  time  delay  equipment 
applications. 

Also  New 

SPEER  2-WATT 
INSULATED  RESISTOR 


CORPORATION 

^ST  .  MARYS,  PA.^J 


Characterized'by  unique  advantages 
due  to  molding  shell  and  core  in 
one  operation.  Result: 

•  Uniform  sholl  around  core 

•  Uniform  diameter  of  core 

•  More  efficient  heat  transfer 

Catalog  E  mailed  promptly  on  request 
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POWDERS 

RODS 

WIRES 


MOLYBDENUM 

TUNGSTEN 

AND  ALLOYS 
FOR  THE 
ELECTRONIC 
INDUSTRY 


American  Electro  Metal  Corp. 


OMcc:  1«S  IIOADWAT  NEW  YOIK.  N.  Y. 


PmetTy:  LEWISTON  MAINE  i 


lively  low-level  sounds  produced  by 
intruders  moving  around  within 
vaults.  Pickup  devices  range  from 
sound-pressure  actuated  non-elec- 
tronic  “switches”  to  crystal  and 
other  type  microphones  having  in¬ 
herently  low  noise  levels.  Where 
microphones  are  used  their  output  is 
amplified  and  then  rectified  and  the 
resultant  d.c.  actuates  a  signal  relay. 

Sensitivity  required  of  vault 
alarms  depends  upon  whether  or  not 
vaults  are  reverberant  or  non-re- 
verberant,  a  non-reverberant  vault 
being  normally  defined  as  one  in 
which  the  average  coefficient  of 
sound  absorption  of  exposed  interior 
surfaces  exceeds  0.5,  or  is  variable 
because  of  merchandise  in  storage. 
In  reverberant  vaults  it  is  customary 
to  adjust  alarms  to  transmit  a  signal 
at  sound  levels  of  the  order  of  80  to 
90  db  for  a  sound  of  impact  origin. 
In  non-reverberant  vaults  the  alarm 
systems  should  transmit  a  signal  at 
a  sound  level  15  db  above  the  normal 
ambient.  Required  amplifier  fre¬ 
quency  response  varies  with  the  type 
of  vault  and  its  contents,  most  fre¬ 
quently  encountered  conditions  re¬ 
quiring  a  range  readily  obtainable 
through  conventional  a-f  amplifier 
design. — MacDonald,  Electronics, 
I  February,  1942,  p.  38. 


Engine  Cylinder 
Pressure  Indicators 

Mechanical  indicators  were  used 
for  many  years  to  study  the  pressure 
variations  inside  the  cylinders  of  in¬ 
ternal  combustion  engines.  Elec¬ 
tronic  indicators  having  less  moving- 
part  inertia  are  now  generally  used, 
the  usual  method  of  measurement  in¬ 
volving  conversion  of  pressure  vari¬ 
ations  into  electrical  variations  and 
the  reading  of  the  electrical  varia¬ 
tions  on  the  screen  of  a  cathode-ray 
oscilloscope. 

One  method  of  conversion  involves 
the  insertion  of  a  small,  flexible  and 
highly  polished  metal  diaphragm  in 
the  wall  of  the  cylinder  under  test.  A 
light  beam  is  directed  at  the  dia¬ 
phragm  and  is  reflected  to  a  photo¬ 
tube.  As  cylinder  pressure  varia¬ 
tions  flex  the  diaphragm,  light  re¬ 
flected  from  it  diverges  and  a  lesser 
amount,  proportional  to  cylinder 
pressure,  reaches  the  phototube. 
Phototube  output  is  thus  propor- 
'  tional  to  cylinder  pressure. 

Other  energy  conversion  devices 
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Inspecting  the  entire  glass  bulb  with  the  help  of 
a  polarized  light.  This  device  shows  up  stress 
and  strain  on  the  glass  which  might  be  created 
during  the  shaping  operations. 


Eitel- McCullough,  Inc.,  San  Bruno,  California,  U.  S.  A, 


Observation  of  the  stress  points  on  glass  bead 
seals  around  vacuum  tube  leads  is  made  with 
this  device.  Close-up  photo  above  shows  the  ac¬ 
tual  view  of  a  faulty  lead.  Note  the  change  in 
polarized  light  creating  distorted  shadows 
which  show  up  stress  and  strain  in  heads.  Such 
strain  sometimes  occurs  where  metal  and  glass 
are  sealed  together. 


Casual  observation  of  a  vacuum  tube  does  not  reveal  its  flaws. 
That’s  why  Eimac  engineers  have  developed  many  devices  for  the 
purpose  of  exposing  even  slight  weaknesses  in  construction.  The 
above  is  not  a  dungeon  window,  but  a  close-up  photo  of  a  faulty 
bead  on  a  filament  stem  as  viewed  through  a  special  bead  testing 
device.  Needless  to  say,  this  stem  will 
never  reach  final  assembly  .  .  .  better 
"death  before  dishonor"  to  the  Eimac 
tradition  of  dependability. 

Such  care  in  production  plus  constant 
research  into  the  phenomenon  of  the 
electron  tube  assures  you  of  the  utmost 
in  performance  from  every  Eimac  tube 
. . .  provides  the  answer  to  why  Eimac 
tubes  are  first  choice  by  most  of  the  lead¬ 
ing  engineers  throughout  the  world. 


f Xpert  (Agents : 

FRAZAR  At  CO.,  LTD.,  301  Cloy  S 

.  San  Francisco,  California,  U.  S.  A. 
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used  to  transform  pressure  into  elec-  temperature  is  to  be  controlled  and  This  drives  the  grid  to  a  more  nega- 
trical  impulses  include  carbon  stacks  the  other  junction  at  some  reference  tive  potential  and  reduces  the  plate 
(variable  resistance),  quartz  crys-  point.  A  milliammeter  is  connected  current  to  an  average  value  of  about 
tals  (piezoelectric  effect),  moving  in  series  with  the  thermocouple  and  5  ma.  The  drop-out  current  of  the 
coils  or  variable  reluctance  (electro-  a  calibrating  resistance.  As  the  tern-  relay  is  somewhat  greater  than 
magnetic  conversion)  and  condenser  perature  within  the  chamber  in-  5  ma  and  it  therefore  opens  the 
microphones  (variable  capacity),  creases,,  the  thermocouple  current  circuit  to  the  fuel  injection  appara- 
Numerous  refinements  have  been  passes  through  the  meter  and  deflects  tus  and  cuts  off  the  supply  of  heat, 
made  in  connection  with  such  sys-  its  pointer.  A  small  and  light  metal-  — McLaren,  Electronics,  Novem- 
tems  of  measurement.  For  example,  lie  vane  mounted  on  the  pointer  ber,  1941,  p.*50. 
measurement  of  engine  pressure  passes  between  two  coils  mounted 
variations  by  means  of  a  condenser  close  to  the  plane  of  pointer 
microphone  polarized  with  high  d-c  travel.  The  pointer  may  be  free  to 

potential  and  driving  a  high-gain  d-c  move  along  the  pointer  path  for  op-  _  ^ _ _  . 

amplifier  has  several  disadvantages,  eration  at  various  temperature  lev-  aynCilFOlllxer 

Inasmuch  as  a  condenser  microphone  els.  The  two  coils,  L,  and  Lz,  are  part  Where  a  conveyor  belt  travels  over 
used  in  this  manner  operates  as  a  of  the  grid  and  plate  circuits,  re-  independently  driven  wheels  or 
high  impedance  device  the  micro-  spectively,  of  a  vacuum  tube  oscil-  sprockets  the  straightening  or  sag 
phone  circuit  has  a  tendency  to  pick  lator.  In  normal  operation,  when  in  the  belt  which  occurs  between 
up  and  indicate  undesired  voltages  the  vane  is  not  between  the  two  units  when  motors  get  out  of  step 
induced  from  nearby  ignition  sys-  coils  and  the  temperature  is  below  may  be  used  as  a  source  of  power  to 
terns.  Variation  in  microphone-cable-  the  desired  value,  the  circuit  is  not  force  them  back  into  synchroniza- 
to-ground  capacity  due  to  vibration  oscillating  because  of  the  degenera-  tion. 

affects  measurements  since  the  high  tive  action  of  L,  on  L,  and  the  plate  A  roller  rides  the  conveyor  belt 
impedance  cable  capacity  is  essen-  current  has  an  average  value  of  between  driving  units  and  is  me- 
tially  in  parallel  with  the  capacity  of  about  10  ma.  This  is  sufficient  to  chanically  linked  to  the  movable  core 
the  microphone.  Instability  is  fre-  energize  the  relay  Mj  which  controls  of  a  reactor.  Up  or  down  movement 
quently  serious  due  to  changes  in  the  operation  of  the  fuel  injection  of  the  roller  varies  the  inductance  of 
microphone  insulation  and  changes  apparatus  or  the  damper  system  of  the  reactor  and  this  variation  in  in- 
in  the  input  resistance  of  the  initial  the  furnace  thereby  permitting  the  ductance  controls  the  firing  of  thy- 
d-c  amplifier  tube.  In  the  circuit 
shown  in  block  form  the  difficulties 
outlined  above  are  resolved  by  ener¬ 
gizing  the  microphone  with  high 
frequency  voltage  of  the  order  of 
several  Me,  employing  it  to  modu¬ 
late  an  r-f  amplifier  rather  than  to 

A  linear 


Circuit  diagram  of  the  thermocouple  and  meter  moTement  temperature  con¬ 
troller.  Although  a  type  2$L6  tube  is  used  here,  other  similar  tubes  may  be 
used.  Note  that  a-c  power  is  used 


operate  a  d-c  amplifier, 
detector  removes  the  r-f  com¬ 
ponent  of  the  modulated  signal  and 
delivers  voltages  comparable  to  the 
output  of  the  microphone  to  the  video 
amplifier  of  the  associated  cathode- 
ray  oscilloscope. — Robertson,  Review 
of  Scientific  Instruments,  June,  1940, 
p.  142;  Penther  and  Pompeo,  Elec¬ 
tronics,  May,  1941,  p.  43. 


Temperatare  Control 

One  junction  of  a  thermocouple  is 
placed  within  the  chamber  whose 


June  1942  —  ELECTRONICS 


rt- 


7 


Jefferson -Travis  Dependable  Two-Way 
Radio  Communication  Equipment  is 

SERVING  ON  ALL  FRONTS 

In  ever  increasing  quantities  our  radio  communication  equipment  is  being  fur¬ 
nished  to  the  Army  and  Navy  as  well  as  the  military  forces  of  the  United  Nations. 

Our  products  are  ''in  action"  on  oil  fronts  throughout  the  world  —  in  the  AIR, 
on  the  seven  SEAS,  and  with  the  mechanized  and  mobile  LAND  forces  every¬ 
where,  including  the  valiant  HOME  defense  units  both  here  and  abroad. 

Jefferson-Travis  has  gone  "all  out"  for  speedy  Victory! 

JEFFERSON-TRAVIS  RADIO  MFC.  CORP. 

NEW  YORK,  N.Y. 

j^anu^actuteti  oj^  Aieitine  and  AioOile  /Qadio  Communication  C^uijament 
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P^dmcad*  ago  Alton  B.  DuMont  had  an 
1*^*®  —  ond  a  fond  hopo:  to  moko  Iho 
cathodo-ray  tub*  on  OTorydoy.  conunorcioL 
mass-produced  derice  at  a  within-reach  price. 

Today  that  idea  and  hope  ore  fully  realised. 
Rugged  DuMont  cathode-ray  tubes  are  used 
under  the  most  gruelling  conditions  in  plants, 
out  in  the  field,  in  laboratories,  by  technicians 
and  workmen  alike. 

And  DuMont  pioneering  continues.  Constant 
refinements  in  design  and  construction;  im- 
prored  production  methods;  a  steadily  growing 
fund  of  application  experience  —  these  ore  all 
yours  when  you  specify  DuMont  cathode-ray 
tubes  and  Dumont  oscillographs.  Write  for  data. 


lit 


ALLEN  B.  DU  MONT 
LABORATORIES,  Inc. 

Passaic  •  New  Jersey 

Cob/e  Addrefi  Wapexlm .  New  York 


Roller 


Conreyor  synchroniser  using  thyratron 
control,  shown  in  elemented  form 


ratron  tubes  by  the  phase-shift 
method.  The  belt-driving  motor  is 
connected  to  the  power  line  through 
the  thyratrons  in  such  a  manner  that 
when  the  belt  sags  the  motor  speeds 
up  while  straightening  of  the  belt 
causes  the  motor  to  slow  down. 

Many  variations  and  refinements 
of  this  synchronizing  scheme  are 
possible, — Henney,  Electron  Tubes 
IN  Industry. 


Ndll  Detector 

The  presence  of  nails  in  lumber 
moving  through  a  machine  at  the 
rate  of  100  feet  per  minute  produces 
an  alarm  or,  if  desired,  causes  the 
lumber  to  be  marked  at  the  location 
of  the  nails. 


Nall  detector.  If  lumber  paseing  through 
the  iowa  contain  nails  on  alarm  is  op¬ 
erated  or  the  board  is  marked  at  the  lo¬ 
cation  of  the  nails 


Lumber  to  be  examined  passes 
through  an  air  gap  in  a  magnetic 
circuit.  Passage  of  iron  through  the 
gap  changes  the  reluctance  and, 
consequently,  the  flux  of  the  mag¬ 
netic  circuit.  Changing  flux  induces 
a  voltage  in  a  pickup  coil  and  this 
voltage  is  amplifled  sufficiently  to 
operate  an  alarm  or  actuate  a  sole¬ 
noid  type  hammer  which  punches  a 
mark  on  the  lumber. — Andrews  and 
Perillo,  Electronics,  January,  1942, 
p.  72. 
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POWERSTAT 


VARIABLE  TRANSFORMERS 

And  Seco  Automatic  Voltage  Regulators 

Powerstat  —  the  Variable 
.  transformer  that  accurately  , 

controls  power  for  all  elec- 
tronic  and  radio  purposes 
solves  such  power  problems 
as  Tube  Filament  Voltage 
Pr  Control,  Transmitter  Bias 

Power  Supply  Voltage  Con- 
trol,  and  Transmitter  Plate 
Ifl^^H  Supply  Control. 


Type  1126  Powerstat 
Input:  115  volts  50  60  cycles 
Output:  2.0  KVA 
Max.  Rated  Output  Current:  15 
amp.  available  over  entire 
range  of  output  voltages 
Output  Voltage  Range:  0  to  135 
volts 

No-load  Power  Loss:  16  watts 
Over-all  Dimensions:  8  x  8  x  7^8 
inches 

Net  weight:  20  lbs. 


Oil  Mounted  Power¬ 
stat  in  Stainless  Steel 
Tank 


Type  1126  Powerstat 


Type  1256  Powerstat 
Input:  230  115  volts  50  60  cycles 
Output:  7.5  KVA  on  230  volt  line 
Max.  Rated  Output  Current:  28 
amp.  available  over  entire 
range  of  output  voltages 
Output  Voltage  Range:  0  to  270 
volts 

No-load  Power  Loss:  40  watts 
Over-all  Dimensions:  14%  x  14% 
X  8  inches 
Net  Weight:  66  lbs. 


Seco  Automatic  Volt¬ 
age  Recpilator 

i$  used  for  radio  transmittars 
and  many  typat  of  alactronic 
davicat  raquirinq  raatonably 
closa  tolarancas  of  lina  volt- 
agas.  Important  for  radio 
transmittars  locatad  at  tha 
ands  of  long  faadar  linas 
whera  ragulation  is  poor  and 
voltage  fluctuation  wide  (Send 
for  Bulletin  Ii3  LE). 


Type  1256  Powerstat 


Typical  Three-Phase  Powerstat 
Type  1256-2 

Input:  230/115  volts  3  phase 
50  60  cycles 

Output:  13.1  KVA  on  230  volt 
line 

Max.  Rated  Output  Current:  28 
amp.  available  over  entire 
range  of  output  voltages 

Output  Voltage  Range:  0  to  270 
volts 

Connection:  See  figure  7  of  Bul¬ 
letin  149 


POWtRSTAT 


Send  for  Powerstat 
Bulletin  149LE 


Three-Phase  Powerstat 


Superior  Electric  Co. 

tRISON  ST.  BRISTOL,  CONN 
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Vehicle-Operated 
Traffic  Light 

Traffic  lights  may  be  caused  to  op- 
!  erate  at  the  approach  of  a  car  by  the 
method  shown.  An  induction  or  de¬ 
tector  coil  is  installed  beneath  the 
road  surface  over  which  cars  ap¬ 
proaching  the  light  must  pass.  Cur¬ 
rent  is  induced  in  the  coil  by  the 
earth’s  magnetic  field  and  the  sensi¬ 
tive  relay  connected  to  the  coil  is  ad¬ 
justed  to  remain  inoperative  when 
I  this  normal  current  is  present.  When 


Distortion  of  the  earth's  magnetic  field 
by  an  approaching  car  may  be  made  to 
alter  current  flowing  in  a  coil  sufficiently 
to  actuate  a  relay 

I  a  car  passes  over  the  road  surface 
I  beneath  which  the  coil  has  been  in- 
I  stalled  the  earth’s  magnetic  field  is 
'  distorted  sufficiently  to  alter  the 
amount  of  current  flowing  in  the 
coil,  tripping  the  relay  and  supply¬ 
ing  power  to  the  light. — Lamb, 
Electronics,  December,  1940,  p.  35. 


Lumber  Moisture 
Content  Checker 

The  conventional  electric  method 
of  checking  the  moisture  content  of 
i  lumber  is  to  use  a  sensitive  ohm- 
meter,  inserting  test  needles  deeply 
into  the  wood  some  standard  distance 
apart  and  comparing  the  d-c  resis¬ 
tance  reading  with  that  of  lumber 
known  to  be  dry.  An  instrument 
made  by  the  Moisture  Register  Com¬ 
pany  of  Los  Angeles  dispenses  with 
'  the  test  needles  by  utilizing  the  high- 
!  frequency  field  of  a  12  Me  oscillator, 
I  as  shown  in  the  drawing  on  page  122. 

An  electrode  forming  part  of  the 
oscillator  circuit  is  brought  into  inti- 
i  mate  contact  with  the  lumber  to  be 
j  tested.  Power  absorbed  from  the  os- 
j  dilator  by  the  lumber  causes  a 


COUNT  the  outstanding  insulating 
properties  of  borusilicate  glass!  High 
electrical  resistance.  Low  power  loss. 
Low  surface  conductivity.  Great  resist¬ 
ance  to  corrosion.  High  strength-to- 
weight  ratio.  All  are  good  reasons  why 
you’ll  find  Pyrex  brand  insulators  at  work 
wherever  superior  performance  is  de¬ 
manded:  i.e.  at  famous  Station  KDKA 
(Fig.  1);  at  Station  WLW  (Fig.  2);  in  the 
new  Westinghouse  50-H.G.  broadcast 
transmitter  (Fig.  3). 

But  that’s  not  all!  In  addition  to  standard 
antenna,  strain,  entering  and  stand-off 
insulators,  advanced  manufacturing  tech¬ 
niques  now  make  it  possible  to  produce 
insulators  of  more  intricate  shape,  in 
wider  ranges  of  size  and  type,  and  to 
more  precise  dimensions  than  ever  be¬ 
fore.  For  example,  coil  mounting  blocks, 
insulation  bushings,  line  spacers,  coil 
forms  and  anode  bushing  rings  (all  Fig. 
4)  are  just  a  few. 


If  you’re  worried  about  a  continued  ma¬ 
terial  supply,  check  into  glass  now!  Send 
your  problem  to  Insulation  Division, 
Corning  Glass  Works,  Corning,  N.  Y., 
and  write  for  free  booklet  “The  Dielec¬ 
tric  Strength  of  Glass.” 


DO  YOU  KNOW  HOW  HIGH  GLASS  RATiS 
AS  AN  INSULATING  MATERIAL? 
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'PYREX  ”  is  a  registered  trade-mark  and  indicates  manufacture  by  Corning  Glass  Works. 
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CALIBRATING 

TAP 


ThM*  "R«-Ciik-It"  circuit  breakers  are  assembled  with  an  extra  terminal  attached  to 
the  load  side  oi  the  interrupting  mechanism  which  is  the  line  side  oi  the  trip  coil. 
This  additional  terminal  can  be  lued  ior  an  extra  circuit  not  to  hove  any  effect  on  the 
trip  coil;  or  it  may  be  to  proride  means  of.  connecting  a  rheostat  or  resistor  in 
parallel  with  the  trip  coil  to  gain  different  fixed  ratings:  or  an  adiustoble  yariation 
in  the  rating  gieing  a  much  wider  range  in  calibration  of  the  tripping  point. 


witlt 

SHUNT 

TRIP 


These  "Re-Cirk-It"  circuit  breakers  are  assembled  with  the  trip  coil  connected  be¬ 
tween  an  extra  terminal  and  the  load  side  oi  the  interrupting  means.  The  circuit 
connection  from  the  line  terminal  through  the  contacts  to  the  load  terminal  is  solid 
without  an  overload  coil,  one  end  oi  the  coil  being  connected  to  the  load  side  oi  the 
contacts  (interrupting  meoms),  the  other  end  oi  the  coil  to  the  extra  terminal.  The  use 
of  this  breaker  is  ior  remote  control  tripping  so  that  a  circuit  of  very  low  capacity  at 
the  same  voltage  may  control  the  opening  of  the  breaker. 


uuiU 

RELAY 

TRIP 


These  "Re-Cirk-It"  circuit  breakers  are  assembled  with  the  leads  oi  the  trip  coil 
attached  to  separate  terminals  so  that  the  interrupting  mechanism  (circuit  opening 
means  or  contacts)  may  be  in  one  circuit  which  is  connected  to  the  load  and  line 
terminals  while  the  trip  coil  is  connected  to  separate  terminals  and  may  be  energised 
by  o  separate  control  circuit  or  may  be  used  with  the  interrupting  mechanism  in  the 
primary  oi  a  transformer  and  the  coil  in  the  secondary  circuit.  The  trip  coil  can  be 
arranged  ior  os  low  os  a  few  volts  and  up  to  several  thousand. 

Send  for  Catalog  40  with  complete  data. 


TIME  OVERLOAD  CURVES 
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Time  Delay 
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The  time  curves  shown  illustrate  the 
wide  range  oi  adoptability  of  these  break¬ 
ers  to  various  conditions.  In  other  words, 
they  can  be  assembled  to  meet  specific 
requirements  as  to  the  time  deloy  feature, 
since  they  are  not  dependent  upon  move¬ 
ment  oi  thermostatic  metal  nor  the  heot- 
ing  oi  soft  metal. 

Curve  "A"  illustrates  the  standard  time 
delay  curve  to  which  a  standard  time  de¬ 
lay  breaker  will  adhere.  However,  if  so 
ordered,  they  may  be  had  with  other  time 
curves.  Curve  "D,"  ior  instance,  is  the 
time  curve  oi  a  breaker  that  would  pro¬ 
tect  a  load  derived  from  gas  filled  lamps, 
and  other  circuits  with  similar  character¬ 
istics,  where  the  current  returns  to  normal 
after  about  one  cycle. 

Curves  "D"  and  "C"  ore  also  the  ideal 
protection  for  small  transformers  since  the 
breaker  takes  care  oi  the  relatively  fast 
and  high  inrush  oi  current  during  the  first 
cycle  when  connected  to  the  line. 

If  no  time  delay  is  desired,  breakers 
can  be  had  in  instantaneous  trip  types. 
They  will  trip  os  soon  as  current  rises  to 
breaker  rating. 


HEINEMANN  CIRCUIT  BREAKER  CO., 


97  PLUM  ST. 


SUBSIDIARY  OF  HEINMANN  ELECTRIC  CO. 
Est.  1888 


TRENTON,  N.  J. 
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sensiftVe 

re/cry 


l£lt0V0X 


50,000  Volts 

FOR  INTERMITTENT  SERVICE 

— ‘  surge  generators,  etc.  — 


To  30,000  Volts 

FOR  CONTINUOUS  SERVICE 

—  rectifier  filters,  etc.  — 


ir.n -VOLTAGE 


capacitor 


Type  6020  —  6000  v. 
D.C.W.  2.0  mfd.  to 
10.0  mid. 

Type  7520  —  7500  v. 
D.C.W.  0.5  mfd.  to  6.0 
mid. 

Type  10020 — 10,000  v. 
D.C.W.  1.0  mfd.  to  5.0 
mfd. 

Type  12520  —  12,500  v, 
D.C.W.  0.5  mfd.  to  5.0 
mfd. 

Type  15020  —  15,000  v. 
D.C.W.  0.25  mfd.  to  3.0 
mfd. 

Type  20020  —  20,000  v. 
D.C.W.  0.25  mfd.  to 
4.0  mid. 

Type  25020  —  25,000  v. 
DC.W.  0.2  mfd.  to  1.0 
mfd. 

Type  37520  —  37,500  v. 
D.C.W.  0.1  mfd.  to  1.0 
mfd. 

Type  50020  —  50,000  v. 
D.C.W.  0.1  mfd.  to  0.5 
mfd. 

Also  25,000  V.  Output 
(12,500—12,500  V.)  for 
Voltage-Doubling. 

■  cjin  OW***  ^  ^  m'  ^ 

I  Rritieil  M  I 


#  To  meet  recent  radio  and  electronic  developments, 
Aerovox  engineers  have  evolved  these  Hyvol  Type  '20 
oil-filled  capacitors  in  ratings  from  6000  to  50,000  volts 
D.C.W. 

Likewise  produclion  means  to  make  them.  Giant  Aerovox- 
designed  and  built  winding  machines  handle  up  to  several 
dosen  "papers".  Batteries  of  giant  tanks  permit  long 
pumping  cycles  for  thorough  vacuum  treatment  followed 
by  oil  impregnation  and  filling.  Multi-lominoted  krait 
tissue  and  hi-purity  foil  sections  are  uniformly  and  ac¬ 
curately  wound,  compressed,  impregnated,  encased. 

Hermetically-sealed  sturdy  welded-steel  containers.  Rust¬ 
proof  lacquer  finish.  Cork-gasketed  pressure-sealed  glazed 
porcelain  high-tension  pillar  terminals.  Truly  capacitor 
dreadnoughts. 

Submit  that  Problem  .  .  . 

Whether  it  be  tor  qiont  high-voltage  capacitors  or  low-voltage 
by-pass  electrolytics,  regardless,  send  it  along  tor  our  engineer¬ 
ing  collaboration,  recommendations,  quotations.  Engineering 
data  on  request. 


Lumber  moisture  checker.  A  high-fre¬ 
quency  field  is  substituted  for  the  conven¬ 
tional  test  needles  and  d-c  ohmmeter 

change  in  the  anode  current  of  the 
oscillator  and  this  change  is  indi¬ 
rectly  measured  by  means  of  a  micro¬ 
ammeter  installed  in  a  second  unit 
along  with  operating  batteries  for 
convenience  in  handling.  A  chart 
furnished  with  the  instrument  tells 
what  the  microammeter  reading 
should  be  when  woods  of  various 
varieties  are  normally  dry.  Other 
microammeter  readings  indicate  rel¬ 
ative  moisture  content.  Directly  cali¬ 
brated  microammeter  dials  are  avail¬ 
able  for  certain  frequently  handled 
woods. 


Gas  Sompling  Circalt 

Certain  noxious  gases  such  as  car¬ 
bon  monoxide  have  appreciable  elec¬ 
trical  conductivity  even  when  present 
in  minute  quantities.  The  presence 
of  such  gases  in  air  is  commonly  de¬ 
tected  by  means  of  the  Wheatstone 
bridge  circuit. 

Air  known  to  be  free  of  the  nox¬ 
ious  gas  is  mixed  with  liquid  of 
known  resistance  in  a  sampling 
chamber.  The  sampling  chamber  is 
connected  to  serve  as  one  leg  of  the 
bridge  and  the  bridge  is  balanced. 
No  current  flows  to  the  sensitive  re¬ 
lay.  Air  suspected  of  containing 
noxious  and  conductive  gas  is  then 


Adjusi-men-f 


Wheafsfone 

br/bfofC 


^^6as  Sampling  sineam 


Wheatstone  bridge  method  of  sampling 
noxious  gasses  dissolved  in  liquid  and 
used  as  one  arm  of  the  bridge 
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MOUNTING 

DIMENSIONS 


CASE  DIMENSIONS 


nt  tells 


resent 

esence 


pling 
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Ba^^enes 


Input.  laMraioq*.  oad  j  y.A.  SOcpn  Hiqh  Q  Inductor*  Fm 

Output  TranMomot*  4  y.A  400cp*  U''=.W1S  FUt*t  And  Tunod  Cu- 

.Low  Lov*Il  cult*  QslO  to  111 


Audio  Tronstormor*  4  V.A.  $Ocp* 
o<  Moduim  llcittn^  I  V.A-  400cp* 

Output  Tronotomor*  i  V.A.  ftOcp* 
Up  to  10  Wott*  1»  V.A  400cp* 

Output  Tronnlenftor* 

Uiq  TW  V  A.  Rotteq  j,  y  A  4S8^ 
o'  K>*»'Ttaa.io™.«  y  .^epT 
lAwualay  Ho  Uo-  _^V.A  WZsp*_ 
boUmcad  D.C.  la  u  y.A.  (Oepo 
Frunory  oc  SotondorylllS  V.A.  400c^ 


Kl9h  Q  Inducton  For 
9=2^to  3S 
Audio  Fiho?*  (Om. 
Two.  Of  Throo  Soc.j 


APPROXIMATE  RATINGS  FOR  STANDARD  CASES 

1.  Data  assumes  low  voltage  units  (500  volts  or  less) 
with  average  number  of  terminals. 

2.  The  use  oi  a  case  in  any  given  application  should 
be  verified  with  the  N.  Y.  Transformer  Co.  before 
making  a  final  design. 


•  Two  Diagonally  Oppoiite  Mounting  Holes  Are  Omitted. 

•  •  All  Mounting  Holes  Are  Tapped. 

The  above  data  refers  only  to  cases  carried  in  stock 
and  available  for  quick  delivery.  Special  cases  will 
be  supplied  whenever  the  standard  line  does  not 
meet  the  necessary  requirements. 


CASE _ APPLICATIO  N  S 

NUMBER  AMPUriER  UNITS  POWER  UNITS  FiMat  Raoclota  MBCEUANEOUS 


STANDARD  CASES 


0.h«  Aadl.  T^aa  ^ 

l«a»n  r«.  K>,l..c  y  ^  ^ 

Laral  Oparatioa  jgg  y  *  «00cpa 


High  Vottogo  floto 
And  niiiintnl 
Tronnlorsor* 


Lr= 

Lr= 


IM 


3.0 


Suppliers  fo  manufaefurers  demanding  highest  qual/ty 


Send  tor 

latesi 

folder. 


NEW  YORK  TRANSFORMER  CO. 

51  WEST  3rd  ST.,  NEW  YORK,  N.  Y. 


ICS 


ELECTRONICS  —  ./one  1942 


123 


i 


TUNGSUN 

TO  CO^* 
STtAND  W*'-' 


tongstin  T< 
tungstin 
WltO 


TUNGSTIN 


mixed  with  the  liquid  in  the  sam¬ 
pling  chamber.  Any  increase  in 
sampling  chamber  conductivity  due 
to  the  presence  of  such  gas  upsets 
the  balance  of  the  bridge  and  current 
proportional  to  the  unbalance  flows 
in  the  sensitive  relay  circuit,  actu¬ 
ating  an  alarm. — Lamb,  Electron¬ 
ics,  December,  1940,  p.  35. 


TUNGSTEN  LEAD  IN  WIRES  •  TUNGSTEN  WELDS  •  TUNGSTEN  &  MOLYBDENUM  SUPPORTS 
FOR  ELECTRONIC  APPLICATIONS  •  TUNGSTEN  CONTACTS  FOR  ELECTRICAL  APPLICATIONS 


Watt-Hour  Meter  Tester 


PRODUCTS 


fy 


Electronic  watt-hour  meter  tester.  It  counts 
the  number  of  revolutions  made  by  the 
meter  disc  or  compares  the  speed  of  a 
test  meter  with  that  of  a  standard  meter 

The  watt-hour  meter  tester  pic¬ 
tured  here  and  designed  by  Wheelco 
Instrument  Co.,  uses  the  oscillator 
frequency-change  principle.  A  small 
aluminum  vane  is  mounted  on  the 
revolving  disc  of  the  meter  to  be 
tested.  The  vane  passes  between 
turns  of  wire  in  a  pickup  coil  coupled 
to  the  tuned  circuit  of  a  remote  oscil¬ 
lator  through  a  flexible  co-axial  ca- 


■HMlfiT  CMTACTS 


Co«to^,  p«rp»i*ly 
dwifliwd  l»  r«d«c» 
pitting  and  crocUng, 
or*  ovnliabia  for  aii 
applitationt. 


METROLOY 

for  efficiency 


•  You  can  get  METROLOY 
tungsten  lead-in  wires 
for  your  vital  Army,  Navy 
and  Air  Corps  electronic  ap¬ 
plications.  Available  to  meet 
the  individual  specifications 
of  tube  manufacturers.  In¬ 
quiries  are  held  in  confidence. 
METROLOY  can  assure  an 
adequate  supply  of  those  vital 
lead-in  assemblies.  Why  not 
write  today?  Collaborate  with 
a  METROLOY  engineer — no 
obligation.  Metroloy  Com¬ 
pany,  60  East  Alpine  Street, 
Newark,  N.  J, 


The  direct  current  in  the  anode  cir¬ 
cuit  of  a  vacuum  tube  oscillator  may 
be  caused  to  change  by  introducing  a 
metallic  vane  or  shield  between  tube 
output  and  load  circuits  thereby  al¬ 
tering  the  coupling  between  the  two ; 
or  by  introducing  a  metallic  vane  be¬ 
tween  an  oscillator  input  and  feed¬ 
back  coils,  or  into  an  oscillator  field 
in  such  a  manner  that  the  frequency 
of  oscillation  is  altered.  The  vane 
may  be  made  of  non-magnetic  mate¬ 
rial  and  may  be  small  and  light,  two 
factors  which  provide  the  basis  for 
electronic  control  where  magnetic  or 
mechanical  loading  of  the  controlled 
device  must  be  held  to  a  minimum. 
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Mco.  u.s.  PAT.  orr 


plastics  are  available  in 
many  forms  and  formulae 


For  a  fast-growing .  range  of  applications  LUMARITH 
helps  speed  production  and  generally  improves  product  per¬ 
formance.  The  properties  listed  below  illustrate  a  /eie  of 
the  reasons.  LUMARITH  is  available  in  sheets,  rods,  tubes, 
molding  pow  ders,  transparent  fdm  from  .0005^^,  and  dopes. 


CELANESE  CELLULOID  CORPORATION 


Diiision  of  Celanesp  Corporation  of  America 


I  A  LARGE  COUPON  | 
FOR  A  LARGE  SUBJECT 


n  0^ 

>;y-' 


r 


Celanese  Celluloid  Corporation, 
180  Madison  Ave.,  New  York  City 


i  n  Turn  insulation  on  wire. 

!□  Layer  insulation. 

A  Q  Slot  insulation. 

1  □  Molded  parts. 

I  O  Laminated  parts. 

LUMARITH  PlaAiicd.  Uaoe^  tUe^  pAOfxe^Uied,: 

I  I  Dielectric  strength  2,()(M)  to  2.5()0  volts 
per  mil. 

□  I.ow  moisture  absorption — resistant  to 
humidity.  D<m*s  not  dry  out  with  age. 

I  I  Impervious  to  water — provide  effective 
water  harrier. 

□  Resistant  to  salt  water. 

I  I  I  naffected  hy  mineral  t>ils  and  ordi¬ 
nary  varnish  solvents  such  as  naph¬ 
tha,  toluol,  ah'ohol.  Resist  weak  acids. 

□  Slow  hurning  —  comparativelv  non- 
iiillammahle. 

□  II  igh  resistance  to  mechanical  abrasion. 

I  I  Stable  at  temperatures  up  to  257°  F. 
(125°  C.)  when  protected  from  air. 

I  I  Vhsolutel  y  non-corrosive  to  copper. 

I  I  (»ermpr(M)f. 

I  I  (dement  easll\ , firmly  (actually  a  weld). 


Same _ ('itmpany. 

Address _ 1 _ 
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BOONTON  RADIO  CORPORATION 

BOONTON,  NEW  JERSEY  U.S.A. 


ble.  Passage  of  the  vane  through  the 
pickup  coil  field  indirectly  alters  the 
frequency  of  the  oscillator,  changing 
its  anode  current.  Anode  current 
changes  operate  a  sensitive  d-c  re¬ 
lay  which  operates  a  magnetic  coun¬ 
ter.  The  number  of  revolutions  of 
the  meter  disc  in  a  given  time  with  a 
given  load  is  counted  electronically. 
— Electronics,  April,  1942  p.  82. 


PneciUoit ...  in 

inSfRUmEHTS 


For  the 

RESEARCH  WORKER 

RECEIVER  DESIGNER 
PRODUCTION  ENGINEER 


Boonton  Radio  Enginears  have  de¬ 
voted  the  past  seven  years  to  the  de¬ 
velopment  of  precision  measuring  instru- 
m  e  n  t  s  for  the  research  worker,  the 
equipment  designer,  and  the  production 
engineer,  with  the  result  that  these  de¬ 
vices  are  universally  recognized  as  stand¬ 
ard  equipment  throughout  the  radio  and 
allied  industries. 

The  woll-known  Q-Meter  was  the  first 
of  a  series  of  pioneering  instruments  and 
has  proved  of  great  value  for  the  rapid 
determination  of  the  ratio  of  reactance 
to  resistance  of  coils  or  condensers  used 


Ballistic  Speedmeier 

The  time  required  for  an  object, 
such  as  an  automobile,  to  pass  be¬ 
tween  two  fixed  points  may  be  used 
to  operate  a  circuit  containing  a 
recording  ballistic  galvanometer  to 
determine  the  speed  of  that  object 
in  any  arbitrary  units,  miles  per 
hour,  feet  per  second,  etc.  Either 
phototube  relays  or  mechanical 
switches  may  be  located  at  the  fixed 
points  to  operate  the  circuit.  A 


in  circuit  dasign.  It  was  followed  by 
instruments  such  as  the  Noise  Meter,  the 
Wide  Range  Beat  Frequency  Generator, 
and  the  Frequency  Modulated  Signal 
Generator.  Boonton  Radio  Corporation 
is  constantly  furthering  its  research  ac¬ 
tivities  so  that  essential  measuring  instru¬ 
ments  of  the  latest  design  are  availab’r 
to  the  industry.  The  principal  products 
are  briefly  described  below.  More  de¬ 
tailed  information  is  contained  in  Cata¬ 
log  B,  a  copy  of  which  will  be  sent  upon 
request. 

Q-METER.  TYPE  160-A 

Frequency  Range:  50  kc.  to  75  me.  with  internal 
oscillator  and  I  kc.  to  50  kc.  with  external  oscil¬ 
lator. 

Range  of  Q  Measurements,  Coils:  50  to  625. 
Accuracy:  In  general  :±^5%. 

Range  of  Q  Tuning  Condenser:  30-450  mmf,  also 
Vernier  Condenser,:  ±3  mmf. 


Q-METER.  TYPE  170-A 

Frequency  Range:  30  me.  to  200  me. 

Range  of  Q  Measurements,  Coils:  100-1200. 
Accuracy:  In  general  ±10%. 

Range  of  Q  Tuning  Condenser:  10-60  mmf. 


Ballistic  speed  meter  circuit.  Current  flows 
through  the  ballistic  galTOnometer  be¬ 
tween  the  momentary  closings  of  Si  and  S- 


QX  CHECKER.  TYPE  110-A 

The  factory  counterpart  of  the  Q-Meter.  Compares 
fundamental  characteristics  of  inductance  or  capacitance 
and  Q  under  production  line  conditions  with  a  high  de¬ 
gree  of  accuracy,  yet  quickly  and  simply.  Insures  uni¬ 
form  parts  held  within  close  tolerances.  Frequency  range 
100  kc.  to  25  me. 


thyratron  is  caused  to  conduct  cur¬ 
rent  when  the  object  passes  the  first 
fixed  point  (Si  closes  momentarily) 
and  to  cease  fiowing  when  the  object 
reaches  the  second  point  (S,  closes 
momentarily).  The  mass  of  the 
moving  element  in  the  galvanometer 
is  such  that  one-quarter  of  its  natu¬ 
ral  period  exceeded  the  longest  time 
to  be  measured.  With  a  moving  mass 
of  about  4  ounces  and  a  spring  ten¬ 
sion  such  that  the  period  was  two 
seconds,  the  graph  of  time  intervals 
versus  deflection  for  a  constant  cur¬ 
rent  corresponding  to  an  automobile 
speed  over  a  distance  of  15  feet  of  20 
miles  per  hour  is  approximately  0.61 
second.  S,  with  S3  is  actuated  by  the 
moving  element  of  the  galvanometer 
to  prevent  acceptance  of  another  in¬ 
dication  until  the  stylus  of  the  re¬ 
corder  is  at  rest.  The  record  is  made 
by  a  heated  recording  stylus  moving 
Reich  and  Too- 


BEAT  FREQUENCY  GENERATOR.  TYPE  140-A->- 

A  single  compact  instrument  which  provides  wide  fre¬ 
quency  and  voltage  coverage  of  generated  signals. 
Frequency  Range:  20  cycles  to  5  me.  in  two  frequency 
ranges. 

Output  Voltage  Range:  I  millivolt  to  32  volts. 

Accuracy:  ±3%. 

Output  Power:  One  watt  into  external  load. 


^FREQUENCY  MODULATED  SIGNAL  GENERATOR. 

TYPE  150-A 

Developed  specifically  for  use  in  design  of  F.  M. 
equipment.  Frequency  and  Amplitude  Modulation 
available  separately  or  simultaneously.  Direct  reading 
controls.  Frequency  range:  41  me.  to  50  me.  and 
I  me.  to  10  me.  Output  voltage  I  microvolt  to  I 
volt. 

Other  instruments  in  this  series  are  the  Type  1 51 -A, 
range  30  me.  to  40  me.,  Type  152-A,  range  20  me. 
to  28  me. 


over  waxed  paper, 
mim,  Review  of  Scientific  Instru 
ments,  February  1941,  p.  96. 
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Sufriai  CotpAf 


For  training — for  action — 
the  U.  S.  Army  Signal 
Corps  demands  sensitive, 
reliable  Radio  Phones. 


me  cause 
of  Victom 


Precision  -  built  Murdock 
Radio  Phones  are  impor¬ 
tant  aids  to  communication 
wherever  the  Army  goes. 
In  peace — in  war — since 
1904,  Murdock  has  fur¬ 
nished  ‘scientific  ears*  for 
the  Signal  Corps. 


Tllurdock 

RADIO 

PHONES 


MURDOCK  MANUFACTURING  COMP  AN  Y-Chelsea,  Mass 
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VITAL  EQI  II*>IK:AT  FOK  the  AIIMEU  EtfltCE!i 


TUBES 


Index  oi  tubes  published  in 
this  department  since  Janu¬ 
ary  1942  . 

Industrial  Tubes  . 


Cothode-Roy  Tubes  H 


Diameter  of  Soreen 


Dependable  equipment  is 
now  serving  with  the 
United  Nations  in  the  air, 
on  the  land  and  the  sea. 
Our  Facilities  are  at  your 
disposal  in  meeting  your 
requirements  on  War 
contracts.  Write  today  for 
information  on  the  follow^ 
ing  Dejur  products. 
Aviation  Instruments. 
Single  and  dual  Cylinder 
Temperature  Indicators. 
Aviation  Voltmeters  and 
Ammeters. 

Electrical  Instruments. 
Rheostats  and  Potentio' 
meters. 

Photo  Exposure  Meters. 
Photographic  Enlargers. 
Photo  Cells. 

If  you  have  a  special 
problem^  may  we  have 
an  opportunit y  to 
cooperate? 


SHELTON,  CONNECTICUT 


ELECTRONICS 


2501  A3 

3  inches 

Jan 

42 

96 

2501C3 

3  inches 

Jan 

42 

96 

2503A3 

3  iiichf^ 

Feb 

42 

88 

2S03C3 

3  inches 

Feb 

42 

88 

2505A5 

5  inches 

Feb 

42 

88 

2505r5 

5  inches 

Feb 

42 

89 

2507 AS 

5  inches 

Feb 

42 

89 

2507 

5  inches 

Jan 

42 

97 

2j507rJ5 

5  inches 

Jan 

42 

97 

250eA5 

5  inches 

Jan 

42 

97 

2509C5 

5  inches 

Jan 

42 

97 

2511A5 

5  inches 

Jan 

42 

96 

251165 

5  inches 

Feb 

42 

89 

251 1C5 

5  inches 

Feb 

42 

89 

2511D5 

5  inches 

Feb 

42 

90 

2512Ag 

9  inches 

Feb 

42 

90 

2512B9 

9  inches 

Feb 

42 

90 

2512C9 

9  inches 

Feb 

42 

90 

2514A9 

9  inches 

Mar 

42 

98 

2514B9 

9  inches 

Mar 

42 

98 

2514C9 

9  inches 

Mar 

42 

98 

2514D9 

9  inches 

Apr 

42 

no 

2519A14 

14  inches 

Apr 

42 

110 

2519B14 

14  inches 

Apr 

42 

112 

2519C14 

14  inches 

Mar 

42 

100 

2519D14 

14  inches 

Apr 

42 

112 

2520 A20 

20  inches 

Mar 

42 

100 

2.520B20 

20  inches 

Mar 

42 

102 

2520C20 

20  inches 

Apr 

42 

112 

2520D20 

20  inches 

Mar 

42 

102 

2529A5 

5  inches 

Apr 

42 

112 

2529B5 

5  inches 

Apr 

42 

114 

252905 

5  inches 

Apr 

42 

114 

2529D5 

5  inches 

Apr 

42 

114 

2530A9 

9  inches 

Apr 

42 

114 

2530B9 

9  inches 

Apr 

42 

116 

2530C9 

9  inches 

Apr 

42 

116 

2530D9 

9  inches 

May  42 

94 

2532A20 

20  inches 

Mar 

42 

102 

2532B20 

20  inches 

Mar 

42 

102 

2532C20 

20  inches 

Mar 

42 

102 

2532D20 

20  inches 

Mar 

42 

102 

2533A5 

5  inches 

Mav 

42 

95 

2533B5 

5  inches 

May  42 

95 

2633C5 

5  inches 

May 

42 

95 

2533D5 

5  inches 

May  42 

95 

Receiving  Tubes 

Type 

Function 

Issue 

Page 

6AH5G 

Beam  power  amplifier, 
P.-10.8 

'Mar 

42 

98 

6C5GT/G 

Triode.M“20 

Jan 

42 

94 

6F6GT/G 

Pentode  power  ampli¬ 
fier.  P.-3.2 

Jan 

42 

96 

6J5GT/G 

Triode,*!  —20 

Jan 

42 

94 

6SC7GT 

Double  triode,  m”70 

Mar 

42 

98 

6ST7  (M) 

Double  diode,  triode, 
m-16 

Feb 

42 

88 

6Y3G 

Half-wave  rectifier, 
P,-5000 

Mar 

42 

98 

7S7  (GL) 

Triode-heptode  con¬ 
verter,  a,  —600 

Jan 

42 

95 

7T7  (GLl 

Pentode  voltage  am- 

May  42 

94 

plifier,  gm  -4900 

7W7  (GL) 

Pentode  voltage  am¬ 
plifier,  gm  —5800 

Jan 

42 

94 

14.S7  (GLl 

Triode-hef  tode  con¬ 
verter,  g,  -525 

Jan 

42 

94 

14W7  (GL) 

Pentode  voltage  am¬ 
plifier.  gm  -5800 

Jan 

42 

94 

f 


Injection  Molded  Mycolex 


DESIGN  CONSIDERATIONS 


The  General  Electric  Plastics  Department’s  development  of  a  technique  for  the 
injection  molding  of  G-E  mycalex  has  greatly  expanded  applications  for  this  material. 
A  mixture  of  ground  mica  and  specially  prepared  glass,  G-E  mycalex  is  particularly 
valuable  in  parts  for  radio  and  electronics  equipment.  The  following  design  features* 
indicate  the  increased  scope  possible  with  the  injection  molding  method. 


RELATIVELY  INTRICATE  SHAPES 

Injection  molding  permits  greater  latitude  in  shape 
and  dimension  without  sacrificing  physical  prop¬ 
erties.  Machining  is  not  required  on  most  parts. 

HOLES  AND  INSERTS 

Metallic  inserts  are  readily  molded  and  are  firm¬ 
ly  anchored  in  part.  Use  of  inserts  often  simplifies 
assembly  of  finished  parts  and  provides  excellent 
terminals  or  contacts.  Molded  holes  eliminate 
drilling,  and  tolerances  on  holes  or  part  dimen¬ 
sions  may  be  held  close. 

FABRICATION 

G-E  mycalex  parts  may  be  machined,  filed  or 
polished.  Thin  sheets  may  be  punched. 


THERMAL  CONDUCTIVITY 

Parts  may  be  designed  for  use  at  high  tempera¬ 
tures,  as  mycalex  conducts  heat  away  from  points 
of  incipient  failure. 

Injection  molded  mycalex  has  many  other  physical 
and  chemical  features  which  influence  design  of 
parts.  G-E  Plastics  Department  engineers  are 
familiar,  through  experience  and  actual  produc¬ 
tion,  with  problems  of  design  and  manufacture. 
Their  services  and  suggestions  may  aid  in  the 
improvement  of  your  product. 

For  information  and  descriptive  booklet  write 
Section  H-5,  Plastics  Department,  General  Electric 
Co.,  ONE  PLASTICS  AVENUE,  Pittsfield,  Mass. 


PLASTICS 

GENERAL 


DEPARTMENT 

ELECTRIC 
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action,  and  follow- 
the  military  strategists’ 
steps  to  Victory. 

Thordarson  organization  em- 
these  same  principles  in  help¬ 
ing  you  work  out  your  transformer 
problems.  Experienced  engineers, 
skilled  technicians,  and  seasoned 
production  experts  combine  to  give 
you  the  transformers  you  want 
when  you  want  them. 


OAcial  rhotoeraphs 
U.  S.  Marine  Corps. 


ELECTRIC  MFC.  COMPANY 

500  WEST  HURON  STREET,  CHICAGO.  III. 


INDEX  CONTINUED 
Industrial  Tubes 


Type 

Name 

laaue 

Page 

FG-W 

Thyratron 

June  42 

130 

FG-27-A 

Thyratron 

June  42 

130 

FG-32 

Phanotron 

June  42 

132 

FG-33 

Th>T8tron 

June  42 

132 

FG-57 

Thyratron 

June  42 

132 

FG-67 

Thyratron 

June  42 

132 

FG-«1-A 

Thyratron 

June  42 

132 

FG-05 

Thyratron 

June  42 

132 

FG-104 

Phanotron 

June  42 

132 

FG-154 

Thyratron 

June  42  ' 

132 

FG-166 

Phanotron 

June  42 

134 

FG-190 

Phanotron 

June  42 

134 

FG-235-A 

Ignitron 

June  42 

134 

FG-258-A 

Ignition 

June  42 

134 

FG-271 

Ignitron 

June  42 

136 

FP-85 

Kenotron 

June  42 

136 

FP-92 

Kenotron 

June  42 

136 

GL-4n 

Kenotron 

June  42 

136 

aLr415 

Ignitron 

June  42 

136 

KC-4 

Kenotron 

June  42 

138 

KU  610 

Thyratron 

June  42 

138 

KU  618 

Grid  Glow 

June  42 

138 

KU  627 

Tnyratron 

June  42 

138 

KU  628  • 

Thyratron 

June  42 

139 

KU  634 

Thyratron 

June  42 

139 

KU  636 

Thyratron 

June  42 

139 

KU  676 

Thyratron 

June  42 

130 

Industrial  Tubes 
Type  FG-17 

General  Electric 

Thyratron  ;  grid-controlled  gaseous- 
discharge  rectifier;  glass  envelope; 
overall  height  61  inches  (max) ;  diam¬ 
eter  2A  inches  (max) ;  4-pin  base. 


El  -  2.5  V 
If  5.0  amp 

Peak  Plate  Voltage  “  2500  v 
Peak  Anode  Current  “  2.0  amp 
Avg  Anode  Current  —  0.5  amp 
Grid  Voltage  for  Starting — 
Negative 

Temp  Range,  Condensed  Mer- 
cur>-  -  40—80°  C 


FG-17  FG-27A 
FG-57  F6-81A 


Type  FG-27-A 

General  Electric 


Thyratron  ;  grid-controlled  gaseous- 
discharge  rectifier;  glass  envelope; 
overall  height  7.26  inches  (max) ;  di¬ 
ameter  3  inches  (max) ;  4-pin  base. 

El  -  5.0  V 
If  “  4.5  amp 

Peak  Anode  Voltage  =  lOOO  v 
Peak  .\node  Current  =«  10.0  amp 
Avg  Anode  Current  —  2.5  amp 
Grid  Voltage  for  Starting — 

Negative 

Temp  Range,  Condensed  Mer¬ 
cury  —  40—80°  C 


FG-17  F6-27A 
FG-57  FG-81A 
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PAPER  CAPACITORS— af  their  best! 


Solar  experience  plays  a  vital  part  In  the  production 


of  completely  dependable  paper  capacitors  for  the 


Armed  Service  Branches  of  our  Government 


Consult  Solar  for  prompt  solution 
of  your  paper  capacitor  problems 


SOLAR  MFG.  CORP . BAYONNE.  N.  J. 


OlA 


“QUALITY  ABOVE  ALL”  CAPACITORS 
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How  does  the 
insolating  moteriol 
you  are  now  using 
compare  with 


General  Electric 

PHANoraoN;  mercury-vapor,  half-wave 
rectifier;  glass  envelope;  overall  height 
6|  inches;  diameter  3  inches  (max); 
4-pin  bayonet  base.  f~l 

Et  -  5.0  V 

If  “  4.5  amp  /  \ 

Tube  Voltage  Drop  /  \ 

=  24  V  Imax)  I  1 

•«  5  V  (min)  I  '  7  '  I 

Peak  Plate  Volta^  =  1000  v  \  /\  •/ 

Peak  Plate  Current  —  15  amp  \  f  ^ 

Avg  Plate  Current  —  2.5  amp  ^ 

Temp  Range,  Condensed  Mer-^  ) 

cury  -  30—80°  C  ~  ~ 


Has  your  prasant  insulating 

matarial  thesa  properties?: 

Resistivity.  .10*  megohms  per  cubic  cesstsmeter 
Surfesce  Breakdoum — Betweess  IVj"  space  elec¬ 
trodes  . 25,000  uolts 

Dielectric  Cossstaut — at  15" C.  .1000  Cycles  6.1 

^  ^ .  .5  SM.  =  240%/ mil. 

f  Temp.  17  C.  at  audio 

~  .  !  frequencies  . 005 

Temp.  17  C.  at  radio 
frequencies  .  ..002  to  .005 


General  Electric 


Thyratron  ;  grid-controlled  gaseous- 
discharge  rectifier;  glass  envelope; 
overall  height  7i  inches  (max) ;  diam¬ 
eter  3  inches  (max) ;  4-pin  base. 

Ef  «»  5.0  V 

If  “  4.5  amp  I 

Peak  Anode  Voltage  —  1000  v  ^  wIhb 
Avg  Anode  Current  —  2.5  amp  §  _  _  ^  ^  I  \ 

Grid  Voltage  for  Starting —  #  •  1 

Positive  I  I— — 

Peak  Anode  Current  —  15  amp  I  J 

Temp  Range.  Condensed  Mer-  \  t 

oury  —  35—80°  C  \y  t  \  / 


Power  Factor. 


MYCALEX  insMiatiag  material  (Laadlesi 
Grad**)  bat  th*  abev*  alactrical  prep- 
•rtiat  aad  ia  addition  has  this  GREAT 
MECHANICAL  STRENGTH: 


Compression  Strength 

15,000  to  25,000  lbs.  per  sq.  in. 
Tensile  Strength.  .6,400  to  7,300  lbs.  per  sq.  in. 

Transverse  Strength . 9,370  lbs.  per  sq.  in. 

Beseding  Strength . 10,000  lbs,  per  sq.  in. 

•  There  is  a  difference:  MYCALEX  insulating 
material  is  LEADLESS.  It  offers  improved  ia- 
sulating  properties,  and  can  be  macksned  more 
easily  and  more  quickly  to  accurate  measurements. 
Mark  your  specifications:  “  ‘LEADLESS’  MY¬ 
CALEX  insulating  material.” 


General  Electric 

Thyratron  ;  grid-controlled  gaseous- 
discharge  rectifier;  glass  envelope; 
overall  height  7i  inches  (max) ;  diam¬ 
eter  3  inches  (max)  ;  4-pin  base. 

Ef  —  5.0  V 

If  —  4.5  amp  ^  t 

Peak  Anode  Voltage  —  1000  v  X  \ 

Peak  Anode  Current  —  15  amp  #  \ 

Avg  Anode  Current  —  2.5  ampf  _m.m^  I 
Grid  Voltage  for  Starting —  I  I 

Negative  I  ik  •! 

Temp  Range,  Condensed  Mer-  \  /  \  -  / 

cury  -  40—80°  C  JiT 


MYCALEX  insulating  material  is  now  being 
supplied  from  the  new  large  plant  (Gifton,  N.  J.) 
of  the  EXCLUSIVE  AMERICAN  LICENSEES 
under  all  British  patents:  MYCALEX  COR¬ 
PORATION  OF  AMERICA.  Sales  Head 
quarters  at  7  E.  42  St.,  New  York  City. 

MYCALEX  insulating  material  is  supplied  in 
14"  X  18"  sheets,  nine  thicknesses  to  1".  Also 
in  round  rods  (j4",  N".  44".  1")  and  hexagonal 
rods  fi"  and  Ifi” — all  rods  iS"  long,  except 
round,  which  is  14". 

MYCALEX  insulating  material — although  it  is  a 
ceramic — can  be  machined.  Many  users  machine 
it  themselves;  our  own  new,  large  machine  shop  is 
well-equipped  to  cut,  drill,  tap,  machine,  grind 
and  polish^  MYCALEX  insulating  material  to  your 
exact  specifications. 


FREE— New  booklet 


Send  coupon  or  write  postal  for  new  12-pg.  book¬ 
let,  generously  illustrated  with  factual  photographs 
of  sockets,  coils,  spacers, 
many  other  parts  made  / 

of,  or  in  conjunction  / 

until,  MYCALEX  inrM- 
lating  material.  Con- 
tains  helpful  engineer- 
ing  data,  complete  de- 
scriptioH  of  properties, 
advice  on  machining,  W 
suggestions  for  new  W 
uses  in  your  business,  y 

Send  for  your  copy  to-  /PBOI 


General  Electric 

Thyratron  ;  grid-controlled  gaseous- 
discharge  rectifier;  glass  envelope; 
overall  height  7  inches  (max) ;  diam¬ 
eter  3  inches  (max) ;  4-pin  base. 

Ef  —  6.0  V  T 

If  —  4.5  amp 

Peak  Anode  Voltage  =  1000  v  y  pT 

Peak  Anode  Current  —  15  amp  /  _ _ IN 

Avg  Anode  Currant  —  2.5  amp  I  •  ' 

Grid  Voltage  for  Starting—  I  — ^ — 

Variable  I  i 

Temp  Range,  Condensed  Mer-  \  ^k  i 

cury  =  40—80°  C  \  '  \ _ / 


TEAR  OFF  COUPON  NOW— before  you  forget. 


Mycalex  Corporation  of  America 
7  E,  42  St.,  New  York,  N.  Y. 
Please  send  illustrated  booklet. 


Xame 


Street 


State 


Type  FG-81-A 

General  Electric 

Thyratron  ;  grid-controlled  gaseous- 
discharge  rectifier;  inert-gas  filled; 
glass  envelope;  overall  height  68  inches 
(max);  diameter  2A  inches  (max);  4- 
pin  ba.se. 


Ef^  ?.1>  V 
/  /  «  5.0  amp 
Peak  .knode  Voltage  »=  500  v 
Peak  Anode  Current  “  2.0  amp 
Avg  Amxle  Current  —  0.5  amp 
Grid  Voltage  for  Starting — 
Negative 

Temp  Range,  Ambient 
-  -  20 - h60°  C 


FG-17  F6-27A 
FG-57  P6-81A 


Type  FG-95 

General  Electric 

Thyratron  ;  grid-controlled  gaseous- 
discharge  rectifier;  glass  envelope; 
overall  height  5}8  inches  (max) ;  diam¬ 
eter  3  inches  (max)  plus  one-half  inch 
for  grid  cap  on  side  of  envelope;  4-pin 
base. 


Ef  •«  5.0  V 
If  —  4i5  amp 

Peak  Anode  Voltage  —  1000  v 
Peak  Anode  Current  —  15  amp 
Avg  Anode  Current  —  2.5  amp 
Grid  Voltage  for  Starting — 
Variable 

Temp  Range,  Condensed  Mer¬ 
cury  -  40—80°  C 


F6-95 


Type  FG-104 

General  Electric 

Phanotron;  mercury-vapor,  half-wave 
rectifier;  glass  envelope  overall  height 
11  inches;  diameter  313  inches  (max); 
4-pin  bayonet  base. 

Ef  =  5.0  V 
If  —  10.0  amp 
Peak  Plate  Voltage  =  3000  v 
Peak  Plate  Current  —  40  amp 
Avg  Plate  Current  ■«  6.4  amp 
Tube  Voltage  Drop 
«  24  V  (max) 

—  5  V  (min) 

Temp  Range,  Condensed  Mer¬ 
cury  40-80°  C  FG-104 


Type  FG-154 

General  Electric 

Thyratron  ;  grid-controlled  gaseous- 
discharge  rectifier;  inert-gas  filled; 
glass  envelope;  overall  height  713 
inches;  diameter  3  inches  (max)  plus 
one-half  inch  for  grid  cap  on  side  of 
envelope;  4-pin  base. 

Ef  =  5.0  V 
I  t  =“  7.0  amp 
Peak  Anode  Voltage  =  5(X)  v 
Peak  Anode  Current  “  10.0  ami 
Avg  Anode  Current  =  2.5  ampi 
Grid  Voltage  for  Starting — 

Negative 

Temp  Range,  Ambient 
-  -20—  +50°C 

F6-IS4 
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BONDED  RUBBER 


9t  AiU}^>€A  Ahui/L  to  cd^uynh  oilyudiMt 

LORD  MANUFACTURING  COMPANY 


These  efficient  shear*type  bonded 
rubber  mountings  will  isolate  vibration  and 
reduce  operating  fatigue  to  a  minimum.  Their 
effectiveness  is  based  on  the  use  of  shear- 
stressed  rubber  (s3rnthetic  rubber,  if  desired) 
which  deflects  more  readily  than  rubber 
under  compression  or  tension  and  yet  pro¬ 
vides  sufficient  stability. 

Lord  Plate  Form  Mountings  are  made 
with  square,  round  or  diamond  outer  plates 
or  in  stamped  holders.  They  can  be  xued 
singly  or  in  series  for  supporting  loads  from 
to  300  pounds. 

Lord  Tube  Form  Mountingn  consist  of 
two  metal  tubes  bonded  in  position  to  rubber. 
Loads  are  carried  and  vibration  is  absorbed 
axially.  Tube  Form  Mountings  are  used  for 
equipment  when  exceptional  radial  stability 
is  required.  They  are  designed  to  carry  loads 
from  a  few  pounds  up  to  1 SOO  pounds. 

Lord  Vertical  Snubbing  Mountings  are 
made  in  both  plate  and  tube  forms  for  instal¬ 
lations  where  heavy  shock  loads  as  well  as 
vibratory  forces  are  encountered.  The  *'V-S” 
design  effectively  snubs  shock  loads  without 
impairing  vibration  isolation  characteristics. 

Lord  Flexible  Couplings  are  one  piece 
bonded  rubber  units  that  accommodate  paral¬ 
lel  and  angular  misalignment  without  induc¬ 
ing  high  bearing  loads.  Shear-stressed  rubber 
provides  effective  absorption  of  torsional  vi¬ 
bration  and  prevents  transmission  of  soxind 
thrpugh  the  shaft.  Made  in  seven  sizes  up  to 
and  including  1  H.P.  to  fit  all  shaft  sizes. 

Other  Lord  Bonded  Rubber  Products 
include  aircraft  engine  suspensions,  joints  for 
radial  loading,  torsion  joints,  diaphragms  and 
instrument  mountings.  Special  bonded  rub¬ 
ber  products  can  be  designed  and  manufac¬ 
tured  to  meet  individual  requirements. 

Lord’s  research  facilities  and  wide 
knowledge  of  vibration  engineering  are  avail¬ 
able  to  every  industry  for  the  solution  of 
problems  in  their  field. 


VERTICAL  SNUBBING  (V.S.) 
PLATE  FORM 


FLEXIBLE  COUPLING 


FLEXIBLE  COUPLING 
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Type  FG-166 

General  Electric 


Research  workers  on  war  problems  may 
find  the  answer  in  the  following  list 


Phanotron;  mercury-vapor,  half-wave 
rectifier;  quick  heating  cathode;  metal 
envelope;  overall  length  19  J  inches 
(max);  diameter  5  inches  (max); 
flexible  leads. 


Ceramics: 

Binder  for  ceramic  insulation 
Protective  coating  against  me¬ 
chanical  abuse 

•  Binder  for  vitreous  enamels 
Binder  for  abrasive  wheels 
Binder  for  porcelain  enamel  frit 

Pharmaceuticals  and  Foods: 

Edible  emulsifying  agent 
Non-staining  ointments 
Edible  fixative  oil  for  candies 
Binder  for  yeast  tablets 
Enteric  coating 
Polish  for  tablets  and  pills 

Adhesives: 

"Cellophane"  and  cellulose 
acetate  adhesive 
Tissue  paper  to  aluminum  ad¬ 
hesive 

Adhesive  for  rubber  to  cloth 
Thermosetting  cement 

Paints,  Varnishes,  Colors 
and  Pigments: 

Pulp  color  and  pigment  dispers¬ 
ing  agent 

Flattening  agent  for  paints  and 

varnishes 

Emulsion  paints 

Lacquer  and  varnish  plasticizer 
Soft  grinding  of  lake  colors 
Increased  length  of  pigment 
lakes 

Non-mar  enamels 

Water  and  ink  resistant  lacquers 

Rubber  and  Synthetic 
Rubber: 

Gasoline  resistant  finish 
Rubber  gasket  lubricant 
Rubber  to  cloth  adhesion 
Polishing  of  hard  rubber 
Plasticizing  synthetic  rubber 

Metals: 

Aluminum  castings  corrosion 
protection 
Foundry  cores 
Joint  seals  for  pipes 
Aluminum  drawing  lubricant 
Tin  stamping  lubricant 
Nickel  alloy  stamping  rust  pre¬ 
vention 

Metal  surface  protection 
Drawing  and  stamping  of  nickel 
alloys 

Sintered  bearing  lubricant 


Paper: 

Transparent  coating 
Waterproofing  liquid 
Flameproofing  agent 
Translucent  paper 
Wax  coating 

Textiles: 

Transparent  coating 
Olive  oil  substitute 
Waterproofing  liquid 
Textile  lubricant 
Flameproofing  agent 
Flexibilizer  for  cotton  braid 
Dye  solvent 
Textile  emulsions 
"Nylon"  and  "Vinyon"  lubricant 
Worsted  and  spun  rayon  lubri¬ 
cant 


E/  -  2.5  V 
Ij  •«  100  amp 
Tube  Voltage  Droj) 

“  20  V  (max) 

—  5  V  (min) 

Peak  Rate  Voltage  »=  1500  v 
Peak  Plate  Current  “150  amp 
Avg  Plate  Current  “  30  amp 
Temp  Range.  Condensed  Mer- 
c\ir>’  “  20 — 70°  C 


Type  FG-190 

General  Electric 


Phanotron;  inert-gas-filled,  full-wave 
rectifier;  metal  envelope;  overall  height 
inches  (max) ;  diameter  Itl  inch 
(max) ;  supplied  with  lead  wires. 


Ef  ”  2.5  V 
“  12  amp 
Tube  Voltage  Drop 
“  13  V  (max) 

“  5  V  (min) 

Peak  Plate  Voltage  —  175  v 
Peak  Plate  Current  “  5.0  amp 
Avg  Plate  Current  —  1.25  amp 
Temp  Range  —  —20 - 1-60°  C 


Cork  preservative 

Cements: 

Waterproofing  agent 

Wood: 

Warpage  prevention 
Flameproonng 

Leather: 

Sulphonated  oil  substitute 

Plastics: 

Plasticizer  and  lubricant 
Polishing 

Lubricant  for  molding 


General  Electric 

IGNITRON ;  high-peak-current,  pool-cath¬ 
ode  tube;  water  cooled;  for  welding 
service;  metal  envelope;  height  9i 
inches  (max);  diameter  41  inches 
(max). 

Supply  Voltage  (rms) 

-  250—600  V 
Demand  —  1200  kva 
Corresponding  Avg  Ano<le  Cur¬ 
rent  “  75.6  amp 
Max  Avg  Anode  Current 
“  140  amp 

Corresponding  Demand 
“  400  kva 

Ignitor  Voltage  —  200  v 
Ignitor  Current  —  40  amp 


Our  laboratories  have  developed 
solutions  to  these  unique  prob¬ 
lems.  The  answers  to  these  and 
many  other  problems  are  given  in 
a  112  page  manual  of  chemical 
formulation  for  numerous  indus¬ 
tries.  A  copy  of  the  manual 
"Chemicals  by  Glyco"  is  yours  for 
the  asking.  Send  for  it  today. 
You  may  find  the  answer  to  your 
war-time  problems.  GLYCO 
PRODUCTS  CO..  INC.,  230  King 
Street,  Dept.  54,  Brooklyn,  N.  Y. 


General  Electric 

Ignitron  ;  high-peak-current,  pool-cath¬ 
ode  tube;  water  cooled;  for  welding 
service;  metal  envelope;  height  12 
inches;  diameter  58  inches  (max). 

Supply  Voltage  —  2.'»0 — 600  v 
Demand  —  2400  kva 
Corresponding  Avg  Ano<lp  ('ur- 
rent  —  102.0  amp 
Max  Avg  .\n(ide  Current 
“  35.5  amp 

Corresi)onding  Demand 
=  800  kva 

Ignitor  Voltage  —  200  v 
Ignitor  Current  —  40  ain|> 
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WHEREt^fR  THERE  IS  RADIO 


th: 


ARE  SPRAGU^  CONDENSERS 


V 


Sprague  Condensers  are  made 
to  the  highest  quality  stand¬ 
ards  in  a  complete  line  meet¬ 
ing  practically  every  electronic, 
electrical  and  industrial  need. 
It  iS'  natural  then,  that  today’s 
production  is  largely  devoted 
to  a  complete,  fully  approved 
assortment  for  Army  and  Navy 
uses.  Our  engineers  will  gladly 
cooperate  in  solving  your  ca¬ 
pacitor  problems. 
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SPRAGUE 

CONDENSERS- KOOLOHM  RESISTORS 

Quality  Components  •  Expertly  Engineered  •  Competently  Produced 


SPRAGUE  SPECIALTIES  COMPANY,  NORTH  ADAMS,  MASS 
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Type  Fa271 

General  Electric 


Ignitron;  high-peak-current,  pool-cath¬ 
ode  tube ;  water  cooled ;  for  welding 
service;  metal  envelope;  height  8 
inches  (max);  diameter  2i  inches 
(max). 

Supply  Voltage  (rnm) 

-  250—600  V 
Demand  —  600  kva  (max) 

C orreeponding  Avg  Anode  Cur¬ 
rent  “  30.2  amp***— 

Maximum  Avg  Anode  Current 
••  56.0  amp 

Coi  i  e8{ionding  Demand 
*  200  kva 

Ignitor  Voltage  -=  200  v 
Ignitor  Current  »  40  amp 


General  Electric 

Kenotron  ;  high-vacuum,  half-wave 
rectifier;  glass  envelope;  air  cooled; 
overall  height  6R  inches  (max) ;  di¬ 
ameter  2^8  inches  (max) ;  4-pin  base. 

Ef  “  10.0  V  I — I 

If  -  5.0  amp 

Peak  Inverse  AnodeJVoltage  I 

-  20.000  V  (max)  /  \ 

Peak  Anode  Current  /  I  \ 

“0.1  amp  (max)  I  1 


'At  Yes  indeed,  it  pays  to  follow  the  ex¬ 
ample  of  leading  equipment  builders,  in¬ 
strument  makers,  communication  com 
ponies,  broadcasters  and  other  critical 
users  of  components:  Let  Clarostat  solve 
your  resistonce  problem! 

Because  Clarostat  has  a  wider  choice  of 
resistors,  controls  and  resistance  devices, 
due  to  a  wide  range  of  fabricotion  facili¬ 
ties,  you  can  usually  take  care  of  your 
requirements  more  critically  when  you 
depend  on  Clarostat.  For  instance: 

Controls  .  .  . 

CloTOttot  composition-element  controls  are 
the  last  word  in  high-resistance  potentio¬ 
meters.  Accurate  resistance  values,  first 
^  and  last.  1000  ohms  to  5  megohms.  Ad-A- 

^  Switch  feature.  Choice  of  tapers  and  tops. 

vm  if  Clarostat  wire-wound  controls  or  poten- 

tiometers.  1  to  100.000  ohms,  choice  of 
tapers  and  tops.  Single  or  multiple  units. 
if  Clorostat  power  rheostats.  25  and  50 
watt  ratings,  built  for  hardest  kind  of  serv¬ 
ice.  if  Also  faders,  padders,  mixers,  at¬ 
tenuators,  etc. 


General  Electric 

Kenotron;  high-vacuum,  half-wave 
rectifier;  glass  envelope;  air  cooled; 
overall  height  2,5i  inches  (max)  ;  di¬ 
ameter  6i  inches  (max). 


Ef  -'lO'v 
^  =  14.5  amp 
Peak  Inverse  Anode  Voltage 
“  150,000  V  (max) 

Peak  Anode  Current 
=  0.3  amp  (max) 


Greenohms — those  green-colored  cement 
coated  power  resistors  found  in  quality 
transmitters,  oscillographs,  fine  instru¬ 
ments  and  dependable  electronic  assem¬ 
blies— are  positively  the  toughest  power 
resistors  made.  4  to  200  watts.  Fixed  and 
adiustoble.  Round  and  flat.  Any  mounting 
or  terminals,  if  Also  choice  of  voltage  di¬ 
vider  strips,  voltage-dropping  power 
cords,  etc. 


General  Electric 

Kenotron  ;  high-vacuum,  half-wave 
rectifier;  glass  envelope;  air  cooled; 
overall  height  18ji  inches  (max) ;  di¬ 
ameter  5i  inches. 


Ef  ='10'v 
^  =■  14.5  amp 
Peak  Inverse  Anode  Voltage 
-  100.000  V  (max) 

Peak  Anode  Current  0.3  amp 


Ballasts 


Tube-type  plug-in  resistors,  line-voltoge  re¬ 
ducers.  automatic  line-voltage  regulators, 
etc. 


Submit  that  Problem  . . . 

No  matter  what  your  control  or  resistance 
problem  may  be.  send  it  to  us  for  engi¬ 
neering  collaboration,  recommendations, 
specifications,  quototions.  Engineering 
loose-leaf  data  on  request. 


General  Electric 

Ignitron  ;  high-peak-current,  pool-cath¬ 
ode  tube;  water  cooled;  for  welding 
service;  metal  envelope;  overall  height 
5J  inches;  diameter  23  inches  (max). 


Supplv»Voltage"(rms) 

=  250—600  V 
Demand  =  300  kva 
Corresponding  .\vg  .\iuKle  Cur¬ 
rent  12.1  amp 
Maximum  Peak  .\n<ide  Current 
»  22.4  amp 

Ignitor  Voltage  •  2(M)  v 
Ignitor  Current  *  40  amp 
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MANY  LARGE  COMPANIES  ARE  NOW  TAKING  A  CENSUS 
OF  EMPLOYEES’  CARS  AS  PART  OF  NATION’S  PROGRAM 
TO  GET  40,000,000  WORKERS  TO  THEIR  JOBS  ON  TIME 


VOLUNTARY  TRANSPORTATION  COMMITTEES 
TO  ROUTE  FULL  CARS  TO  WORK  ARE  SET  UP 
BY  PLANT  EMPLOYEES  IN  EACH  COMMUNITY 

The  problem  of  getting  40,000,000  workers  to  their 
jobs  is  being  taken  over  by  America’s  car  ’ 
owners.  Neighbors  are  already  doubling  up  | 
to  go  shopping,  to  take  children  to  school, 
to  go  to  work  .  .  .  but  not  enough  of  them! 
Your  company  and  your  employees  can  co¬ 
operate  by  taking  a  census  of  workers’  cars. 
Here’s  how  you  can  do  it  in  your  com¬ 
munity:  (l)  Fill  out  cards,  like  the  one 
shown  here,  (2)  Sort  cards  by  residential 
distrias,  (3)  Select  sectional  committees 
to  act  as  traffic  control  groups  for  each 
district  to  assure  equitable  use  of  cars, 
(4)  Route  full  cars  to  work  on  every 
shift.  Details  can  be  worked  out 
quickly  by  you  .  .  .  your  workers 
,  .  .  your  community.  The  impor¬ 
tant  thing  is  to  start  today  to  get 
every  last  mile  of  use  from  our 
cars,  our  gas,  our  tires! 


NIak*  I  map  like  the  one  above,  on  which  to  chart  the  routes  for 
each  residential  district.  Dots  indicate  workers'  homes;  circles  indi¬ 
cate  workers  with  cars. 

This  can!  ir  a  sample  guide.  Make  changes  to  suit  your  needs.  Reprint 
or  copy  form  on  filing  cards  for  each  worker  to  fill  out  and  turn  in  to 
your  Transportation  Committee. 


TroUays  can’t  ikt  it  ALONE.  Even  with  stag¬ 
gered  work  hours  to  level  off  transportation 
peaks  there  aren't  enough  trolleys  to  take 
America's  millions  to  work. 


HOW  TO  CONSERVE  MECHANICAL  RUBBER  COOOS 

This  48-iiaRe  book  is  for  managers,  engineers 
and  plant  o|)erating  men.  It  shows  how  you 
can  conserve  rubber  through  proper  handling, 
installation  and  care  of  rubber  conveyor,  ele¬ 
vator  and  transmission  belts;  all  types  of  in¬ 
dustrial  hose:  packings;  linings;  rolls;  mounl- 
i.igs;  and  other  nic'chanicil  rubber  goods;  and 
•  lertrical  wires,  cables,  and  taiies  For  free 
copies,  write  directly  to  Mechanical  Goods 
Division,  United  States  Kubtier  Company. 


Bases  can't  do  it  ALONE.  They're  already 
taxed  to  their  full  seating  capacity.  And 
enough  vital  steel  and  rubber  can't  be  spared 
to  build  enough  new  buses. 


Trains  can't  do  it  ALONE.  Although  every 
railroad  is  cooperating  100%,  many  of 
America's  mighty  war  production  plants 
can’t  be  serviced  by  trains  or  subways. 


GET  FREE  MILEAGE  BUDGET  CHARTS 

and  copies  of  this  free  32-page  book 
on  tire  care  from  your  local  U.  S.  Tire 
Dealer  or  write  direct  to  the  United 
States  Rubber  Company.  Hundreds 
of  thousands  of  these  charts  and 
books  are  already  in  the  hands  of 
American  car  owners  —  helping  to 
save  tires,  gas  and  oil. 


IN  AMERICA’S  FIGHT  FOR  LIFE.  EVERY  TIRE-MILE  MUST  BE  SAVED  FOR  ESSENTIAL  DRIVING 


UNITED  STATES  RUBBER  COMPANY 

12  30  Sixth  Avenue  •  Rockefeller  Center  •  New  York 
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BARKER  &  WILLIAMSON,  Radio  Manufacturing  Engineers 

235  Fairfield  Avenue,  Upper  Darby,  Pa. 


General  Electric 

Kenotron;  high-vacuum,  half-wave 
rectifier;  glass  envelope;  air  cooled; 
overall  height  255  inches  (max) ;  di¬ 
ameter  65  inches  (max). 

E/  —  20  V 
^  “  24.5  amp 
Peak  Inverse  Aiuxle  Voltage 
”  150,000  V  Imax) 

Peak  Anode  Current  «•  1.0  amp 


Westinghouse 

Thyratron  ;  grid-controlled  gaseous- 
discharge  rectifier;  inert-gas  filled; 
glass  envelope;  overall  height  65  inches 
(max);  diameter  2t'«  inches  (max); 
4-pin  base. 

Ef  -  2.5  V 
If  •  6.5  amp 

Peak  Anode  Voltage  =  500  v  v.^r  - j 

Peak  Anode  Current  —  0.4  amp  f  X 

Ayg  Anode  Current  —0.1  amp  /  \ 

Grid  Voltage  for  Starting —  f  1 

Positive  I  ““  I 

Temp  Range,  Ambient  I  *.  •  / 

-  -  20—  +70'’  C  \  /\  •  / 


Westinghouse 

Grid  Glow  tube;  cold  cathode;  inert- 
gas  filled ;  glass  envelope ;  overall  height 
53  inches  (max);  diameter  2A  inches 
(max);  4-pin  base. 

Peak  .\node  Voltagt-  —  800  v 

Peak  .Vnode  Current  —0.10  amp 

Avg  .Vnode  Current  i - 

—  0.015  amp  X  \ 

Grid  Voltage  for  Starting —  /  \ 

Positive  I  _ 0  I 

Temp  Range,  Ambient  I  |  I 

—  -  20—  +  70"  C  V  I  / 

Tube  Voltage  Drop  \  '  '  \/ 

—  225  V  (max)  /AL 

—  180  V  (avg)  ^1,^1  ) 

—  125  v  (min) 


Westinghouse 

Thyratron  ;  grid-controlled  gaseous- 
discharge  rectifier;  glass  envelope; 
overall  height  7  inches  (max) ;  diam¬ 
eter  2A  inches  (max)  ;  4-pin  base. 


•  There  is  that  about  a  B&W  Air  Inductor  or  Varia¬ 
ble  Air  Condenser  which  tells  you  more  than  words. 
This  something  is  an  outward  evidence  of  inward 
goodness  that  comes  as  a  result  of  conscientious  manu¬ 
facture  by  engineers  by  whom  every  product  bearing 
their  names  is  a  maner  of  intense  personal  pride. 


E,  -  2.5  V 
If  —  6.0  amp 

Peak  .Vnode  Voltage  —  2500  v 
Peak  .Vnode  Current  —  2.5  amp 
.Vyg  .Vnode  Current  —  0.64  amp 
Grid  Voltage  for  Starting- 
Negative 

Temp  Range.  Condensed  Mer¬ 
cury  —  2.n—  70°  C 


The  above  unretoucbed  illustration  shows  a  variety  of 
standard  and  special  B&W  products  now  being  supplied 
on  priorities  for  today's  exacting  applications.  Bulletins 
and  engineering  information  upon  request. 
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Westinjirhouse 

Thyratron  ;  grid-controlled  gaseous- 
discharge  rectifier;  glass  envelope; 
overall  height  9}  inches  (max) ;  diam¬ 
eter  3J  inches  (max) ;  4-pin  base. 

Ef  “  5.0  V  ^  I  I 

If  ••  11.5  amp 

Peak  Anode  Voltage  —  2500  V  f  C 

Peak  Anode  Current  —  8.0  amp  /  \ 

Avg  Anode  Current  =«  2.0  amp  #  i 

Grid  Voltage  for  St  arting —  I  i  —  —  — 

Negative  I  i 

Temp  Range,  Condensed  Mer-  \  ^  *  / 

cury  -  25—70°  C  \  — f  V_  / 


Westinghouse 

Thyratron  ;  grid-controlled  gaseous- 
discharge  rectifier;  glass  envelope; 
overall  height  9  inches  (max) ;  diam¬ 
eter  318  inches  (max) ;  4-pin  base. 

Ef  -  5.0  V  ^ 

If  —  11.5  amp  1 

Peak  An(xle  Voltage  «  75(X)  v  1  C 

Peak  .Ano<le Current  —  5.0  amp  f  ' 

.\vg  .4node  Current  »1.25amp| 

Grid  Voltage  for  Starting —  I  k  s  k  »  -» 

Negative  I  . 

Temp  Range,  Condense<l  Mer-  \  /V  j 

cury  —  25 — .50°  C  ^  J 


Westinghouse 

Thyratron  ;  grid-controlled  gaseous- 
discharge  rectifier;  inert-gas  filled; 
glass  envelope;  overall  height  7  inches 
(max);  diameter  2i’«  inches  (max); 
4-pin  base.  r~l 


MANUFACTURED  FROM 
STANDARD  PARTS  .  .  . 


Ef  -  2.5  V 
/  f  »■  7.0  amp 
Peak  .Anode  Voltage  ”  350  v 
Peak  .Anode Current  ”  0.4  ampl 
.Avg  .Ano<ie  Current  —  0.1  amp^ 
Grid  Voltage  for  Starting — 
Negative 

Temp  Range,  .Ambient 
-  -  20—  -1-70°  C 


Custom  designed  transformers  con  often  be  assembled  from 
standard  parts  found  in  the  large  variety  of  types  and  sizes 
available  to  Chicago  Transformer's  customers. 

Where  entirely  different  designs  are  necessary,  it’s  modern 
and  complete  plant  and  laboratory  facilities  are  equipped 
to  handle  the  most  unusual  assignments. 

Given  the  application,  description  and  the  electrical  results 
desired,  the  Chicago  Transformer  organization  should  best  be 
able  to  solve  your  new  and  difficult  transformer  problems. 

^A(anu^€tc/u%€\^  €l// 

a/i  lo  -40 


Westinghouse 

Thyratron;  grid-controlled  gaseous- 
discharge  rectifier;  glass  envelope; 
overall  height  Hi  inches  (max) ;  diam¬ 
eter  3i  inches  (max) ;  4-pin  base. 

£/  ••  5.0  V 

//  “  9.5  amp  1 

Peak  Anode  Voltage  “  10(X)  v  I  ^ 

Peak  Anode  Current  ••  40.0  amp  /  |\ 

.Avg  .Anode  Current  =■  6.4  atniif  1  1 

Grid  Voltage  for  Starting  —  »»  »  » ■— 1  I 

Negative  |  _  J 

Temp  Range,  CondenNnl  Mer- \  /V  / 

cury  -  25-  70°  C  \  _/  N — 
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THE  ELECTRON  ART 


Optimum  Response  Scanning  Slit-Image 
Heating  by  High-Frequency  Induction. . . 

Electronic  Differentiation  . 

The  Relaxation  Amplifier . 


at  the  cut-off  frequency.  Once  that 
optimum  slit-image  height  is  found,  it 
will  follow  that  the  equalization  at¬ 
tenuation  chargeable  to  H  will  be  a 
minimum.  Hence  the  purpose  of  thi.s 
investigation  is  to  derive  the  formula 
for  optimum  H  in  terms  of  the  cut-off 
frequency. 

The  symbols  used  in  the  derivation 
are: 

T  =  track  transmission,  the  ratio:  (trans- 
mitt^  light)/(incident  light), 
jfm  =  maximum  change  in  transmission  from 
mean  transmission, 

X  =  wavelength  of  cycle  on  track:  18000 
0  =  angular  distance  from  cycle’s  origin, 

4>  =  angular  distance  of  slit-image  center 
line  from  cycle’s  origin, 

X  =  linear  distance  from  cycle’s  origin, 

Qi  =  incident  light  quantity, 

Q«  =  transmitted  light  quantity, 

//  =  slit -image  height, 
d  =  radians  of  cycle  covere<l  by  */2  H 
w  =  track  width, 

L  =  slit-image  illumination  intensity, 
i  =  instantaneous  value  a-c  and, 

/  =  frequency,  cycles  per  second. 

Units  employed  are  the  radian  for 
angles,  the  second  for  time,  and  the  mil 
(0.001  inch)  for  linear  distances. 


uptimuiii  Kesponse 
Scanning  Slit-Image 

By  George  Logan 

Sound  Department 
M  O  M  Studios 
Culver  dtp.  Cal. 

In  sound  reproduction  from  film,  a 
mechanism  moves  the  sound  track  at 
uniform  speed  past  a  scanning  beam. 
The  track  acts  as  a  light  modulator, 
and  the  modulated  light  transmitted 
through  the  film  falls  upon  a  phototube. 
A  pulsating  direct  current  is  set  up  in 
the  phototube  circuit,  and  the  amplified 
alternating  component  of  that  current 
operates  the  horns. 

The  scanning  light  is  the  image  of  a 
physical  slit;  the  slit-image  is  created 
by  an  optical  system  such  as  is  depicted 
in  PMg.  1.  Appearance  of  the  slit-image 
is  further  illustrated  in  Fig.  2. 


VERTICAL  RADUaORS 
andAIITEIIIIA10WERS 


It  ii  e«»y  to  tee  why  en  ever  metett- 
ins  number  of  Wincherser  Towert  «e 
beins  uted  in  every  type  of  broed- 
cettins.  Thet  it  .  .  .  it’t  eety  when 
you  edd  up  ell  thete  edventeset: 

★LOW  INITIAL  COST 
★STIONO  EFFICIENT  COVEIAOE 
★STTNACTIVE  AFPENNANCE 
★lowenwaintenancecost 
★DESIGNED  FON  lOO-WllE  WINDS 

Eeperieneed  eontrectort  ere  eveil- 
eble  for  complete  erection  tervice, 
includins  lisbtins,  enchort,  bate 
and  3round  tyitemt. 

Write  or  wire  for  complete  information 


Fig.  1 — Schematic  arrangement  of  optical 
system  of  typical  reproducer 


Fig.  2 — Slit  image  and  sound  track 

As  is  usual  in  most  signal  amplifying 
systems,  it  is  desirable  to  .secure  an 
overall  flat  response  up  to  some  chosen  Referring  to  Fig.  3,  if  a  sine  wave 
cut-off  frequency.  To  achieve  this  aim,  signal  has  been  recorded,  the  light 
the  point  of  lowest  level  response  must  transmission  along  a  cycle  on  the  track 
be  determined,  and  equalization  attenu-  is  represented  by  a  sine  curve.  For  ex- 
ation  inserted  to  lower  other  regions  of  ample,  the  transmi.ssion  at  x  is  T,,  and 
a  response  curve  to  that  level.  Yet,  it  is 
desirable  to  keep  the  amount  of  equal¬ 
ization  attenuation  inserted  to  a  mini¬ 
mum.  Such  attenuation  represents  loss, 
and  must  be  compen.sated  for  by  in¬ 
creased  amplifier  capacity. 

It  has  been  well  known  that  with  a 
necessarily  finite  slit-image  height,  H, 
the  relative  response  falls  off  with  in¬ 
creasing  frequency  as  shown  by  the 
curves  of  Fig.  5.  It  is  logical,  then,  to 
determine  the  slit-image  height  which 
will  pre.sent  maximum  relative  response 


Fig.  3 — Transmission  of  sinusoidal  re¬ 
corded  cycle 


* 

sQ2  =  (7’.)  (AQ.) 

=  (,'/".  +  ijm  sin  0)  {Lw  S  x) 

Total  quantity  of  light  passed  through 
the  film  is: 
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To  integrate,  it  is  necessary  to  ex- 
ess  dx  in  terms  of  do. 


d  2ir 

18000^^ 

•‘‘--iiT 

Substituting  above  and  integrating 
^  18000  L  w  Urn  .  18000  L  w  u. 


sin  (t>  sin  (1) 

The  incident  light  quantity  presented 
to  the  film  is: 

Qi  =  L  H  w 
,  ^  „  18000  d 


GIVES  YOU 


18000L 


Qi  is  a  constant  for  any  given  optical 
system,  which  of  course  includes  a  fixed 
value  for  H.  Substituting  Eq.  (2)  into 
Eq.  (1),  we  obtain: 

,  sin^>n  ^\ 


18000 


The  dyna'motor  specially  desisned  to 
insure  maximum  e  ffici  ency  at  all  operatins 
altitudes  and  temperatures. 


\  ISOOO  / 

For  any  particular  frequency  we 
might  choose  to  investigate,  and  for 
any  particular  value  of  H,  the  quotient 
sin  T  /// 

■  is  a  constant.  From  Eq. 


18000 

(3),  therefore,  it  is  apparent  that  scan¬ 
ning  a  recorded  sine  wave  cycle  will 
cause  Qj  to  vary  sinusoidally  about  an 
axis  which  is  placed  a  distance  Q,  n,,, 
above  the  Q.  =  0  line,  as  illustrated  in 
Fig.  4.  The  maximum  value  of  Q.  must 
occur  when  sin  ‘l>  =  1,  or  at  4*  =  tJ2\ 
and  the  minimum  value  of  Q.  must  oc¬ 
cur  when  sin  ‘l>  =  — 1,  or  at  ‘l>  =  3z/2. 

/  sin  irf  //  \ 


18000 


IHOOO 
IT  f  H 


QuJuy  Bu.lt  WINCO  DYNAMOTORS  li 
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^COMPLETE  DEPENDABILITY 
★PERFECT  BALANCE 
★MINIMUM  A.  C.  RIPPLE 


\  18000  / 

If  we  are  working  the  linear  range  of 
the  cell,  which  is  assumed,  the  instan¬ 
taneous  current  output  of  the  cell  is 
directly  proportional  to  the  amount  of 
light  falling  on  the  cell. 


★LOW  VOLTAGE  REGULATION 
★COMPACTNESS  and  LIGHT  WEIGHT 


.  .  .  .And,  wk«tcvcr  your  power  problem, 
Winco  Engineers  will  be  gled  to  help  you 
solve  it.  This  service  is  Free  end  without  obliga¬ 
tion.  Why  not  consult  us7 


Further,  the  signal  output  level  of 
the  cell  depends  upon  the  current 
swing;  that  is,  upon  the  difference  be¬ 
tween  and  i„,„.  We  can  express 
this  difference  in  terms  of  y„,,  Q,  /,  and 
H,  it  is  seen.  Our  intention  is  to  in¬ 
vestigate  the  effect  on  response  of  H 
values,  at  different  frequencies,  so  we 
assume  y,„  constant.  Now  if  we  arbi¬ 
trarily  select  a  reference  set  of  condi¬ 
tions  with,  say,  H  =  0.75  mil  and  f  = 
1000  cps,  we  can  write: 

llelativr*  llesponse,  =  20  loj?  C-4  /  K)  (4) 

decibels 


V/cr.,c 

V 


•MuroV, 


ELECTRONICS 


) 


where  A  is  current  swing,  for  any  combination 
of  H  and  /  and  B  is  current  swing,  for  //  **  0.75 
and  /  -  1000 

Expressing  current  swing  as  indi¬ 
cated  and  simplifying: 


FENSE  PLASTIC  PARTS  Faster 

LETTERING  — DESIGNS  ond  MARKINGS  on 
Fuso  PoRols,  Soekot  Bases  and  Other  Parts! 


AS  PERFECT  AS  MOLDED  LETTERING  ITSELF 


To  determine  the  H  value  which  will 
give  maximum  response  at  some  fre- 
d(R)  . 

quency,  .  „  is  equated  to  zero. 


If  you  use  plastic  panels  or  other  bakelite  parts  needed  for 
communications  systems  of  airplanes,  tanks  and  other  imple¬ 
ments  of  war — it  will  PAY  you  to  try  Rogan  "deep  relief" 
BRANDING  of  lettering,  designs  and  markings  for  economy, 
quality  and  speed! 


18000 


SAVE  DIE  CHARGES  and  MOLDING  COSTS 


The  fuse  panel  and  socket 
base  illustrated,  typify  the 
clear  and  sharp  results  others 
are  getting  with  "deep  relief" 
BRANDING  on  items  ap¬ 
proved  by  the  U.  S.  Signal 
Corps  and  Ordnance  Depart¬ 
ment. 

"Deep  Relief"  BRANDING  by 
Rogan  is  now  being  specified 
by  large-scale  producers  of 
plastic  panels  and  parts  for 
DEFENSE. 


Fig.  4 — Sinusoidal  variation  of  transmitted 
light 


Above  illustration 
shows  laminated  bake- 
lita  panel  with  Rogan 
deep  re/lat  branding. 


WRITE  TODAY  for  Full  Details 


on  Rogan  Deep  Relief  Branding.  No  Obligation. 

TUCDC  2003  S.  Michigan  Av«. 
I  nEallO  Chicago,  lllinoi! 

154  Lawreeee  St..  Brooklyn,  N.  Y. 


Frequency  in  Cycles  per  Second 

Fig.  5 — Relative  response  oi  slit-image 
plotted  against  frequency 


This  Eq.  (5)  is  the  formula  desired. 
Let  us  presume  that  the  upper  fre¬ 
quency  to  which  we  intend  to  equalize 
for  flat  response  is  7000  cps.  Then  the 
optimum  slit-image  height  is: 

9000 

7000 

=  1.29  mils 

Each  curve  in  Fig.  5  was  obtained  by 
selecting  an  H  value,  and  solving  Eq. 
(4)  with  various  frequencies  substi¬ 
tuted  therein.  These  curves  show  that 
only  the  1.29  mil  slit-image  dimension 
will  give  maximum  response  at  7000 
cps.  Other  values  of  H,  whether  larger 
or  smaller,  produce  less  response  at 
that  cut-off  frequency,  verifying  the 
efficacy  of  Eq.  (5). 


EQUIPMENT  HAS 
BEEN  INDUCTED 
INTO  THE  SERVICE 
OP  OUR  COUNTRY 
FOR  THE  DURATION 

[HE  NAVY  •  •  THE  AIR  CORPS 


•  While  we  are  proud  that  Doolittle  equipment  is  helping 
to  win  the  war,  we  do  regret  that  we  must  ask  our  faithful 
customers  to  be  patient,  because  the  present  need  comes 
first.  When  peace  comes  we  will  be  able  to  share  with 
you  the  benefits  of  this  broad  experience  which  will  be 
reflected  in  even  better  products. 


Heating  by  Higli-Frequenoy 
Induction 

The  problems  of  wartime  production 
have  accelerated  the  development  of 
heating  by  high  frequency  induction. 
This  method  has  the  advantage  in  that 
heat  can  be  induced  into  metals  at 
points  where  it  is  wanted  with  most 
exacting  control.  Four  pertinent  ar¬ 
ticles  on  induction  heating  have  ap¬ 
peared  in  the  February  1942  issue  of 
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Beryllium-copper  in  many  applications  of  vital  impor¬ 
tance  is  entrusted  v^ith  tasks  v/hich  cannot  be  per¬ 
formed  by  any  other  metal  or  alloy.  Especially  is  this 
true  in  aircraft  instrumentation.  Probably  no  other 
alloy  must  meet  the  close  specifications  essential  to 
the  fulfillment  of  the  unique  tasks  assigned  to  this 

f 

"tireless  metal". 


In  offering  "BERALOY  25"  and  other  ternary  and 
binary  beryllium-copper  alloys,  Wilbur  B.  Driver 
Company  realizes  full  v/ell  the  responsibilities  of 
manufacture  and  performance.  Years  of  experi- 
ence  in  working  to  close  tolerances  .  .  .  personnel 
and  equipment  accustomed  to  exacting  specifications 
.  .  .  successful  experience  with  beryllium-coppers 
themselves  .  .  .  give  us  justifiable  confidence  in 
offering  our  facilities  to  meet  your  beryllium-copper 
•requirements. 


WILBUR  B.  DRIVER  CO. 

NEWARK,  NEW  JERSEY 


Manufacturers  of  “TOPHET"*  the  Nickel-Chrome  Resistance  Wire 


Westinghoiise  Engineer.  The  first  is 
on  “Heating  by  High  Frequency  Induc¬ 
tion”  by  Frank  T.  Chestnut;  the  second 
on  “External  Surface  Hardening  by 
Induction  Heating”  by  W.  E.  Benning- 
hoff  and  H.  B.  Osborn  Jr.;  the  third 
on  “Internal  Surface  Hardening  by 
Induction  Heating”  by  Howard  E. 
Somes;  and  the  fourth  on  “Electrical 
Equipment  for  Induction  Heating”  by 
C.  C.  Levy  and  L.  J.  Lunas. 

The  problems  encountered  in  high 
frequency  heating  are  much  more  in¬ 
volved  than  those  of  melting.  If  a 
charge  is  to  be  heated  throughout  to  a 
uniform  temperature,  a  low  frequency 
should  be  selected  for  high  depth  of 
penetration  and  the  power  should  be 
low  enough  to  allow  the  interior  of  the 
charge  to  be  heated  by  conduction  from 
the  surface  nearly  as  fast  as  the  sur¬ 
face  itself  is  heated.  On  the  other  hand, 
if  a  charge  is  to  be  surface  heated  only, 
high  frequency  and  high  power  are 
lequired. 

Controlled  temperatures  up  to  3600 
deg.  C  have  been  attained  in  induction 
furnaces.  Time  cycles  of  only  a  few 
seconds  may  be  obtained  by  automatic 
regulation  of  power  and  quenching  in¬ 
tervals,  thus  assuring  exact  duplica¬ 
tion  of  parts.  Microscopically,  the 
structure  of  an  induction  hardened 
area  has  a  distinct  appearance.  The 
usual  needle-like  crystals  resulting  from 
furnace  hardening  are  absent  and  in¬ 
stead  we  find  a  more  homogeneous 
structure  with  finer  nodular  crystals. 

High  frequency  hardening  equipment 
consists  of  a  high  frequency  generator, 
inductor,  quenching  auxiliaries,  suit¬ 
able  transformers  and  capacitors,  and 
automatic  timing  controls.  Frequencies 
of  from  60  cps  to  more  than  100  kc 
have  been  used.  A  variety  of  generat¬ 
ing  equipment  and  of  instruments  is 
necessary  to  meet  all  requirements. 
Rotating  equipment  has  been  designed 
mainly  for  500,  960,  1920,  3000,  9600 
and  11,520  cps.  Frequencies  above  100 
kc.  are  best  obtained  from  electronic 
oscillators.  They  have  the  advantage 
of  being  non-rotating  and  are  readily 
adaptable  tO'  changes  in  frequency. 
Small  units  up  to  20  kilowatts  are 
built  with  water-cooled  tubes  and  when 
more  capacity  is  required,  several  os¬ 
cillators  are  connected  in  multiple. 

Because  an  oscillator  has  no  moving 
parts,  and  because  its  output  frequency 
is  variable,  there  have  been  attempts  to 
replace  motor-generator  sets  in  the  500 
to  12,000  cps  field  by  electronic  oscil¬ 
lators.  However,  the  cost  of  the  va¬ 
cuum  tube  oscillator  rises  as  the  fre¬ 
quency  is  reduced  and  at  present  no 
economical  low-frequency  o.scillato'rs 
are  available. 


Electronic  DifTereiitiatioii 

The  applications  of  vacuum  tube  cir¬ 
cuits  to  electronic  differentiation  are 
numerous:  displacements  can  be  con¬ 
verted  into  velocity,  velocity  into  ac¬ 
celeration,  quantity  of  electricity  can 
be  changed  to  current  and  sine  wave 
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voltajfes  shifted  90  electrical  degrees. 
Simplified  electronic  differentiating 
circuits  are  described  by  Otto  H. 
Schmitt  and  Walter  E.  Tolies  in  an 
article  entitled  “Electronic  Differentia¬ 
tion”  in  the  March  1942  issue  of  The 
Review  of  Scientific  Instruments. 


Fig-  1 — Mutual  inductance  differentiator 

Two  general  methods  have  been  em¬ 
ployed.  The  first  uses  a  coupled  circuit, 
as  shown  in  Fig.  1.  The  voltage  in¬ 
duced  in  the  secondary  of  a  pure  mu¬ 
tual  inductance  varies  in  direct  pro¬ 
portion  to  the  time  rate  of  change  of 
current  in  the  primary. 


GLASS  MASTER  DISCS 
NOW  READY  FOR  DELIVERY 


where  is  the  secondary  induced 
e.m.f.,  M  is  the  mutual  inductance  and 
1.  is  the  primary  current. 

The  second  uses  a  series  circuit  of  a 
condenser  and  resistor,  as  shown  in 
Fig.  2.  The  current  through  the  con¬ 
denser  varies  directly  with  the  time 
rate  of  change  of  potential  across  the 
condenser. 


Presto  IT'/i"  Glass  Base  917-D  has  a  removable 

Master  discs  are  now  in  metal  center  insert  to  allow 

stock  awaiting  your  order.  its  use  with  overhead  cut- 
Transcription  manufactur-  ting  mechanisms  driven 
ers  have  been  processing 
samples  of  the  Presto  Glass 
Master  for  several  months 
and  report  it  perfect  in  every 
respect,  easily  adapted  to 
their  plating  equipment, 
thick  enough  (.135")  for 
safe  handling  and  having 
the  exceptionally  quiet  sur¬ 
face  characteristic  of  all 
Presto  discs. 


where  /  is  the  current  through  the 
condenser,  q  is  the  charge  on  the  con¬ 
denser,  V  is  the  potential  difference 
across  the  condenser  plates  and  C  is 
the  capacitance  of  the  condenser. 


Priced  only  slightly  high¬ 
er  than  previous  aluminum 
master  discs.  Sold  by  Gray¬ 
bar  Electric  Company  and 
leading  radio  parts  distrib- 
The  Presto  17l^"  Master  utors  throughout  the  United 

is  made  in  two  styles.  Type  States  and  Canada. 


Fig.  2 — RC  differentiator 

For  applications  of  the  first  method, 
it  is  necessary  that  the  current  through 
the  primary  be  directly  proportional  to 
the  instantaneous  value  of  the  im¬ 
pressed  voltage.  This  requires  a  large 
resistance  in  series  with  the  primary, 
which  may  be  accomplished  by  the  use 
of  a  pentode  with  high  dynamic  plate 
resistance.  The  linearity  of  the  pent¬ 
ode  circuit  is  improved  by  using  an  un¬ 
bypassed  biasing  resistor  /?,. 

The  second,  or  condenser  method,  is 
the  simpler  of  the  two,  and  is  applica¬ 
ble  where  a  large  but  not  extreme  range 
of  frequencies  has  to  be  handled  by  the 
circuit.  The  form  of  differentiator 
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relies  upon  a  condenser  C  to  provide  a 
current  proportional  to  the  time  rate 
of  change  of  signal  voltage  V.  The 
potential  drop  across  R,  connected  in 
series  with  the  condenser,  is  propor¬ 
tional  to  the  current  and  hence  pro¬ 
portional  to  the  time  derivative  of  the 
input  voltage.  The  above  statements 
are  made  with  the  a.ssumption  that  the 
impressed  potential  is  unaffected  by 
the  differentiator  circuit.  This  requires 
that  the  input  circuit  have  a  low  in¬ 
ternal  impedance  as  compared  to  that 
of  R  and  C.  They  further  assume  that 
the  resistance  is  much  less  than  the 
capacitive  reactance  at  all  working 
frequencies.  The  first  condition  can 
be  met  by  supplying  the  differentiator 
from  a  circuit  of  reasonably  low  im¬ 
pedance,  such  as  a  low  resistance  radio 
tube  plate  circuit;  the  second,  by  choos¬ 
ing  suitable  values  of  R  and  C.  The  au¬ 
thors  recommend  a  value  of  R  equal  to 
the  dynamic  plate  resistance  of  the 
vacuum  tube’ and  a  value  of  C  such  that 
the  voltage  drop  across  R  shall  never 
exceed  1/30  of  the  impressed  voltage. 


finti 

/o  Ytpur  Kxavtinff 
0mnr4»rn  m€»n  i 
Sp4»4*ifir€tiinns 


Fig.  3.  Feedback  type  differentiator 

The  largest  error,  which  is  due  to 
neglecting  the  voltage  drop  across  the 
differentiating  resistor,  can  be  elimin¬ 
ated  if  a  voltage  equal  to  it,  but  in 
phase  opposition  is  fed  back  into  the 
differentiator  circuit.  This  feed-back 
can  be  accomplished  with  a  circuit 
shown  in. Fig.  3. 


The  STANCOR  PROFESSIONAL  SERIES 
TRANSFORMFIRS  are  unique  and  eonserva- 
lively  desijsiied  to  meet  the  most  exacting  needs. 
May  he  mounted  with  terminals  either  above  or 
helow  mounting  surface.  When  suh-panel  mounting 
is  used,  cabled  w  iring  is  easy,  providing  quick  assem¬ 
bly,  wiring  and  testing.  All  are  tropic  impregnated, 
then  potted  in  moisture-resistant  compound  for 
trouble-free  service. 


The  Relaxation  Amplifier 

The  welx,  known  circlit  of  the  relax¬ 
ation  oscillator  is  inco-rporated  in  the 
form  of  a  pulse  relay  called  a  relaxa¬ 
tion  amplifier.  It  is  described  in  an 
article  by  Dr.  Martin  Wald  in  The 
Wireless  Engineer  of  December,  1941. 

By  the  addition  of  a  diode  rectifier  to 
the  two  tube  relaxation  oscillator  of 
Abraham  and  Block,  an  interesting  cir¬ 
cuit  results,  called  a  relaxation  ampli¬ 
fier  by  the  author.  The  diode  is  inserted 
between  the  output  and  input,  (see  Fig. 
1.)  thus  the  feedback  current  can  pass 
only  in  one  direction  and  no  oscillation 
will  occur.  Should  any  small  voltage 
impulse  be  impressed  on  the  input  with 
the  grid  positive,  relaxation  oscillation 
will  be  produced.  These  oscillations, 
however,  will  be  interrupted  as  soon  as 
the  current  through  the  diode  rectifier 
tends  to  change  its  direction,  that  is 
after  a  half  cycle. 

For  maximum  sensitivity  and  stable 
operation,  the  feed-back  through  the 
diode  capacity  is  neutralized  by  means 
of  the  condenser  C,.  The  operating 


The  extreme  flexibility  of  these  STANCOR  Trans¬ 
formers  makes  them  highly  desirable  for  use  in 
profluction  runs  of  eommunieatioii  equipment, 
amplifiers  ami  maiiv  other  electronic  devices. 
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point  of  the  amplifier  is  determined  by 
the  setting  of  the  negative  bias  volt¬ 
age  E,. 


A  "De  Luxe"  job, 
typical  of  Par- 
Metal  quality,  this 
rack  is  in  use  on 
many  commercial 
transmitters. 


Fig.  1.  Circuit  oi  relaxation  amplifier 

If  a  sine  wave  with  a  frequency 
greater  than  that  of  the  relaxation  os¬ 
cillations  is  impressed  on  the  input  of 
this  amplifier,  the  output  frequency 
will  then  be  independent  of  the  im¬ 
pressed  frequency.  Thus  an  unmodu¬ 
lated  radio  frequency  signal  on  the  in¬ 
put  would  be  directly  converted  to  an 
audio  frequency.  The  author  claims 
that  the  circuit  operates  well  as  a  sim¬ 
plified  telegraphic  receiver,  with  a 
strong  a.v.c.  effect.  As  long  as  the  in¬ 
put  signal  is  smaller  than  the  opera¬ 
tion  threshold  of  the  relaxation  ampli¬ 
fier,  no  sound  frequency  will  be  heard. 


net  Rack  ^R6618. 
Typical  of  a  com¬ 
plete  line  listed  in 
our  Catalog  No.  41. 


Standard  and  custom-built  racks  &  cabinets 


Engineers  who  expect  style,  skill,  and  precision  in  metal 
work  as  a  matter  oi  course,  will  find  that  PAR-METAL 
thinks  along  this  line. 

And  we  are  equipped  for  volume  business.  So  why  not 
consult  us  when  bidding  on  defense  orders.  Estimates 
submitted  promptly. 

For  your  guidance,  write  for  our  Catalog  No.  41 


GOME  LOVELY  FLOWERS 


And  so  it  is  that  from  the  darkness  of  the  present 
hour  will  emerge  a  brighter  day  when  the  brain 
and  brawn  of  modern  industry  will  be  utilized  in 
furthering  peacetime  products  and  pursuits.  While 
serving  the  government  today  we  are  broadening 
both  creative  and  manufacturing  possibilities  for 
a  happier  world  of  tomorrow.  Astatic  Engineer- 
available  to  work  in  cooperation  with  electronic 
development  of  new  war-time  equipment  especially 
to  do  with  the  pickup  and  transmission  of  sound, 
lones,  Pickups,  Cartridges  and  Recording  Heads, 
production,  are  still  available  for  replacement  use. 

S££  YOUR  RADIO 
RARTS  JOBBER 


Fig.  2.  Relaxation  amplifier  with  transformer 


For  any  signal  amplitude  exceeding  the 
threshold  value,  the  relaxation  oscilla¬ 
tion  will  produce  an  audio  signal. 

Another  possible  type  of  relaxation 
amplifier  is  shown  in  Fig.  2.  Here  the 
phase  inversion  is  accomplished  by 
means  of  the  transformer  T.  The  two 
ends  of  the  secondary  are  connected  to 
the  duo-diode,  and  the  mid-tap  to  the 
grid.  Any  negative  impulse  impressed 
on  the  grid  will  start  a  relaxation  oscil¬ 
lation  of  large  amplitude,  increasing 
the  negative  grid  potential  until  the 
tube  blocks.  After  the  condenser  (’ 
discharges  through  the  resistance  K 
the  system  remains  in  balance  until  a 
new  impulse  occurs. 
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How  to  save  time 
by  doing  more  reading 

That  is  a  profitable  paradox  for  you.  More  true  today  than  perhaps 
ever  before.  For  here  in  the  pages  of  this  publication  are  packed  many 
helpful  ideas  .  .  .  considerable  useful  information.  Much  of  it,  in 
fact,  available  from  no  other  source. 

And  we  most  emphatically  mean  to  include  the  advertising  pages, 
as  well  as  the  editorial  pages. 

Just  one  new  idea  gleaned  from  these  pages  ...  a  method  for  doing 
something  better  or  faster  or  easier  or  at  lower  cost,  may  alone  save 
you  far  more  than  a  year’s  reading-hours  invested  in  this  and  other 
worthwhile  business  papers. 

Many  people  have  found  this  a  fact  .  .  .  not  only  once,  but  time 
and  time  again.  That’s  significant  .  .  .  with  time  so  precious  today. 

Good  advertising  speeds  information  from 
those  who  hare  it  ..  .  to  those  who  need  it. 


McGraw-Hill  Publishing  Company,  Tnc. 

330  West  42nd  Street  New  York 


This  Free  Booklet 
May  Help  You  Now 


There  are  23  McGraw-Hill  Publications  covering  many  branches 
of  Business  and  Industry; — mining,  metal-working,  transporta¬ 
tion,  manufacturing,  engineering  design  and  heavy  construction. 
Over  a  million  readers  are  finding  them  constantly  helpful  in 
carrying  out  today’s  vital  work  in  the  army  of  production.  Per¬ 
haps  one  of  them  would  prove  interesting  and  helpful  to  you. 
A  24-page  illustrated  booklet,  describing  each  one  in  some  detail, 
will  be  sent  FREE,  on  request  .  .  .  this  booklet  bas  been  pre¬ 
pared  to  help  you  select  the  paper  which  will  serve  you  best. 
Just  fill  in  and  mail  the  coupon  below. 


McGRAW-HILL  PUBLISHING  CO.,  INC. 

330  West  42nd  St.,  New  York,  N.  Y. 

Gentlemen : 

I  would  like  to  have  your  free  booklet  describing  McGraw-Hill  Publica¬ 
tions. 


Name  . 

Company  . . 

Address  . . 

Out  business  is 
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New  Books 


Handbook  of  Chemistry  Introduction  to  Modem  of  spectral  Hr 

and  Phyaica  Phyaica  Th. 

Charles  D.  Hodgman,  Associate  Pro-  By  F.  K.  Richtmyer  and  E.  H.  Ken-  x-*ays,  the  nucl 
fessor  of  Physics,  Case  School  of  Ap-  NARD  (Third  Edition.  72S  pages.  Me-  the  topics 

plied  Science,  Editor  in  Chief  and  Graw-Hill  Book  Co.  Price  $5.  19^2.)  physicist  or 

Harry  N.  Holmes,  Professor  of  Chem-  .  .  interests. 

istry,  Oberlin  College,  Associate  Edi-  This  well-known  volume  was  origin-  To  readers  of 
tor.  Chemical  Rubber  Publishing  Co.,  ^Hy  based  on  a  course  of  summer  lec-  HI  dealing  with 
Cleveland,  mi-2,  25th  edition,  250S  tures  given  at  Cornell  University  by  the  thermionic  effect 
pages  Price  $S  50  Professor  Richtmyer.  The  first  two  most  immediate 

editions  of  this  book  have  enjoyed  con-  The  section  deal: 
Almost  every  year  for  many  years  this  siderable  popularity  among  upper  class  of  the  photoelect 
useful  compendium  of  information  had  or  graduate  students  in  physics  and  covery  of  the  el 
been  revised,  added  to,  and  in  general  engineering.  After  the  sudden  death  of  amount  of  histoi 
brought  up  to  date  with  new  research.  Professor  Richtmyer,  preparation  of  spersed  with  th 
This  edition  is  no  exception.  Consider-  the  third  edition  was  undertaken  by  implications  of 
ably  more  than  half  of  the  pages  in  Professor  Kennajrd,  whose  text  on  in  describing  the 
the  book  have  been  added  or  completely  “Kinetic  Theory  of  Gases”,  which  has  87,  the  histori 
revised  and  reset.  These  changes  in-  been  reviewed  in  these  columns,  is  a  searches  of  Fara 
elude  such  data  as  Physical  Constants  fitting  companion  for  the  present  work,  the  reasons  for  1 
of  Inorganic,  Organic  and  Industrial  The  delightful  introduction  of  the  are  also  the  reai 
Organic  Compounds,  Melting  and  Boil-  first  two  editions  has  been  retained  in  cess.  The  subjec 
ing  Points  of  Organic  Compounds,  De-  the  present  edition  in  the  historical  treated  briefly  ai 
scription  of  the  Elements,  Properties  of  sketch  which  outlines  the  advancement  following  topics 
Commercial  Plastics,  X-Ray  Crystal-  of  physics  from  the  earliest  times  to  tion  between  ph( 
lographic  Data,  Gravimetric  Factors  the  development  of  the  theory  of  elec-  intensity  of  illun 
and  their  Logarithms,  Definitions  of  tro-magnetism  by  Maxwell,  Lorentz,  energy  distribut 
Chemical  Terms,  Composition  and  Hertz  and  others.  In  the  reviewer’s  i elation  between 
Value  of  Foods,  and  many  other  im-  opinion,  the  historical  sketch  given  in  trons  and  frequt 
portant  tables.  the  first  chapter  would  be  well  worth  erties  of  photoel 

The  format  of  the  book  also  has  been  reading  by  anyone  having  even  a  cur-  of  the  photoele 
changed,  making  it  longer  and  wider  sory  interest  in  the  physical  sciences,  photoelectric  sec 
and,  as  a  result,  more  convenient  to  use.  Once  the  50  pages  of  Chapter  I  are  lar  theory  of  lij 
—  K.H.  behind  the  reader,  it  is  evident  that  the  of  view  is  appa 

volume  is  no  mere  high  school  textbook,  of  thermionic  en 
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Th‘e  “Radio”  Handbook 

Ptiblished  by  Editors  and  Engineers, 
Ltd.,  1300  Kenwood  Road,  Santa  Bar¬ 
bara,  Calif.  6JfO  pages.  Price,  $1.75  in 
clothbound  edition. 

The  Radio  Handbook  gives  a  general 
compilation  of  information  on  the  prac¬ 
tical  aspects  of  radio.  The  contents  is 
divided  into  three  classifications:  (1) 
principles  of  electricity,  radio,  vacuum 
tubes  and  antennas,  (2)  constructional 
information  on  the  building  of  high 
frequency  transmitters  and  receivers 
and  (3)  tube  characteristic  tables, 
reference  charts  and  graphs,  and  a  col¬ 
lection  of  formulas  useful  to  the  prac¬ 
tical  radio  man. 

The  fundamentals  of  radio  are  given 
in  a  descriptive  manner  with  little  use 
of  mathematics.  The  treatment  is  such 
as  to  be  suitable  for  high  school  stu¬ 
dents,  although  the  constructional  ma¬ 
terial  contains  important  information 
to  any  who  may  desire  an  introduction 
into  high  frequency  technique  and 
methods.  Throughout  emphasis  has 
been  placed  on  the  practical  aspects  of 
the  communication  problem. — b.d. 


Roxaneal,  a  new  glass  protector,  is  a  water-white  transparent  liquid  that 
prevents  broken  glass  from  flying.  It  will  not  stop  glass  from  fracturing 
but  tests  have  proved  that  it  will  keep  broken  glass  in  place  thus  preventing 
dangerous  glass  splinters  from  flying.  Photographs  of  the  test  were  made 
at  one  millionth  of  a  second.  Left,  shows  the  coated  glass,  right,  is  the 

plain  glass 
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McGraw-Hill  Industrial  Mailing  Lists  are  a  direct 
route  to  today's  purchase-controlling  executives 
and  technicians  in  practically  every  major  in¬ 
dustry. 


These  names  ore  of  particular  value  now  when 
most  monuiacturers  are  experiencing  constantly 
increasing  difficulty  in  maintaining  their  own 
lists. 


Probably  no  other  organization  is  as  well 
equipped  as  McGraw-Hill  to  solve  the  compli¬ 
cated  problem  of  list  maintenance  during  this 
period  of  imporalleled  changes  in  industrial 
personnel.  These  lists  are  compiled  from  exclu¬ 
sive  sources,  based  on  himdreds  of  thousands  of 
mail  questionnaires  and  the  reports  of  a  nation¬ 
wide  field  staff,  and  ore  maintained 
on  a  twenty-four  hour  basis. 


Investigate  their  tremendous  possi¬ 
bilities  in  relation  to  your  own  prod¬ 
uct  or  service.  Your  specifications  are 
our  guide  in  recommending  the  par¬ 
ticular  McGraw-Hill  lists  that  best 
cover  your  market.  When  planning 
your  industrial  advertising  and  sales 
promotional  activities,  ask  for  more 
facts  or,  better  still,  write  today.  No 
obligation,  of  course. 


- ^  Me  ^ - 

He  CRAW-HILL 

DIRECT  MAIL  LIST  SERVICE 


McGraw-Hill  Publishing  Co.,  Inc, 

DIRECT  MAIL  DIVISION 

330  West  42nd  Street  New  York.  N.  Y 
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thermionic  emission,  relation  between 
thermionic  and  photoelectric  constants, 
velocity  of  emission  of  thermions, 
theory  of  electron  metals,  origin  of 
photoelectrons  and  thermions.  While 
the  classical  work  of  O.  W.  Richardson 
is  adequately  recorded,  there  is  no  men¬ 
tion  of  Richardson’s  original  derivation 
of  the  emission  equation  based  on  a 
theory  of  gases,  although  the  reader  is 
referred  to  Richardson’s  subsequent 
publication  for  the  derivation  of  the 
emission  equation. — b.d. 

The  Radio  Amateurs^ 

Handbook 

Published  by  Amet-ican  Radio  Relay 
League,  West  Hartford,  Conn.  Price 
$1.00.  288  pages. 

“The  special  defense  edition’’  of  the 
well  known  Radio  Amateur’s  Handbook 
is  intended  for  use  in  radio  training 
courses.  It  differs  from  the  usual  hand¬ 
book  reviewed  in  the  February  issue, 
mainly  in  that  those  chapters  dealing 
with  the  discussion  of  amateur  equip¬ 
ment  and  the  operation  of  amateur  sta¬ 
tions  has  been  omitted,  while  new  chap¬ 
ters  have  been  added  on  mathematics, 
measuring  equipment  and  learning  the 
code. 

The  text  is  suitable  for  high  school 
students  or  graduates,  is  largely  de¬ 
scriptive  rather  than  mathematical  and 
is  written  from  the  practical  rather 
than  the  theoretical  point  of  view. 
— B.D. 

Elementary  Mathematics 
for  Engineers 

Sir  Ambrose  Fleming.  Chemical  Pub¬ 
lishing  Co.,  Brooklyn,  \.  Y.,  First 
American  Edition  191^1.  110  pages. 

Price  $2.00 

Fleming’s  little  book  (originally  pub¬ 
lished  in  England)  has  as  its  object  to 
“include  in  one  small  and  portable  book 
just  the  practical  information  on  vari¬ 
ous  branches  of  mathematics  which  are 
of  importance  in  engineering.’’  It  is 
not  a  book  of  mathematics  for  mathe¬ 
matics’  sake,  but  of  the  use  of  math  as 
a  tool. 

Chapter  headings  are  algebra,  plane 
trigonometry,  plane  co-ordinate  geom¬ 
etry,  vector  algebra,  differential  cal¬ 
culus,  integral  calculus,  differential 
equations,  harmonic  analysis  and  hy¬ 
perbolic  trigonometry.  Fortunately  the 
language  of  mathematics  is  fairly  uni¬ 
versal  so  that  this  English  book  does 
not  suffer  the  fault  of  many  others  of 
using  terminology  unfamiliar  to  an 
American  reader. 

Often  these  condensed  versions  of 
mathematics  (or  of  any  other  subject) 
are  so  condensed  that  reading  pre¬ 
sents  some  difficulties  but  in  general  it 
is  a  useful  book  doing  just  what  was 
planned. — k.h. 


Electrical  Illumination 

By  John  O.  Kraehenbuehl,  Professor  ; 
of  Electrical  Engineering,  University 
of  Illinois,  (4il  pages.  Illustrated.  Price 
$8.75.  John  Wiley  &  Sons.) 

According  to  the  author,  this  book  is 
intended  to  expound  “the  principles 
underlying  specifications  and  design  of 
electrical  light  for  commercial  and  in¬ 
dustrial  buildings.”  Attention  is  given 
to  the  physiological  and  psychologrical 
aspects  of  lighting  and  illumination  as 
well  as  the  objective  and  subjective 
specifications  of  illumination.  A  chap¬ 
ter  of  20  pages  on  color  and  shadow 
deals  largely  with  the  subjective  as¬ 
pects  of  lighting.  Distribution  curves 
and  point-by-point  methods  of  deter¬ 
mining  illumination  are  discussed  in 
the  fifth  chapter.  In  the  chapter  deal¬ 
ing  with  incandescent  and  gaseous  light 
sources,  approximately  13  pages  are  de¬ 
voted  to  incandescent  lamps  and  16 
pages  to  gaseous  conduction  lamps, 
thereby  reflecting  the  recent  rapid  ad¬ 
vancement  which  has  been  made  in 
electrical  illumination  by  methods  other 
than  incandescent. 

By  far  the  largest  part  of  this  vol¬ 
ume  deals  with  the  reflection,  transmis¬ 
sion  and  absorption  of  materials  used 
for  the  control  of  lighting  and  illumin¬ 
ation.  Likewise,  a  considerable  amount 
of  space  is  given  to  various  types  of 
luminaires,  and  methods  of  installa¬ 
tions  which  will  be  particularly  of  in¬ 
terest  to  the  architect.  The  book  is 
studded  with  line  diagrams  which  pro¬ 
vide  helpful  hints  to  the  architect  or  de¬ 
signer  by  showing  methods  of  utilizing 
illuminating  systems.  It  is  largely  non- 
mathematical  and  is  written  for  the 
level  of  college  sophomores  in  both  en¬ 
gineering  and  fine  and  applied  arts  di¬ 
visions. — b.d. 


Vaniiim  Tube  Voltmeters 

By  John  F.  Rider,  Published  by  John 
F.  Rider  Publisher,  Inc.,  40^  Fourth 
Ave.,  Meu'  Y’ork,  1941,  180  pages.  Price  I 
$l..‘iO. 

The  Meter  at  Work 

By  John  F.  Rider,  New  York,  1940, 152 
pages.  Ptnee  $1.25. 

These  two  small  volumes  are  useful 
additions  to  any  practicing  engineer’s 
reference  library.  They  are  well  writ¬ 
ten,  and  the  subjects  are  covered  in  a 
practical  rather  than  theoretical  man¬ 
ner.  The  information  is  specifically  de¬ 
signed  to  be  useful  to  engineers,  stu¬ 
dents,  and  servicemen. 

.\s  the  title  implies,  “Vacuum  Tube 
Voltmeters”  deals  with  potential  meas¬ 
uring  devices  that  employ  vacuum 
tubes.  The  fundamental  ideas  of  the 
subject  are  explained,  and  then  how 
they  are  used  in  diode,  triode,  slide- 
back,  rectifier-amplifier,  tuned,  audio¬ 
frequency,  and  logarithmic  types  of 
vacuum  tube  voltmeters.  There  is  a 
section  on  v-t  voltmeters  for  measur- 


PRECISION 
METAL  SHIELDED 
WIRE 

here  is  data  that  will  speed  your 
work  ...  A  complete  but  condensed 
bulletin  with  the  facts  and  figures 
that  will  assure  accuracy  of  esti¬ 
mates  and  calculations  .  .  .  The 
mechanical,  physical  and  electrical 
characteristics  of  this  Static-proof, 
Moisture-proof  wire  armored  with 
Seamless  Copper  or  Aluminum 
Tubing  are  correctly  tabulated  for 
ready  reference. 

Upon  request  Bulletin  E  will  be 
sent  you  by  return  mail  together 
with  testing  samples  of  Precision 
I  Metal  Shielded  Wire  in  several 
I  forms.  Write  us  today. 


PRECISION 
TUBE  CO. 

SpecialitH  in  accuratmly  drawn  tubing 
at  avary  datcription 

3824-26-28  TERRACE  STREET 
PHILADELPHIA.  PA. 

Branches  in  all  Principal  Cities 
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If  lelted  and  worked  under 
close  supervision  to  assure 
maximum  uniformity  and 
tensile  strength  .  .  . 


Write  for  list  of  stock  alloys 


SIGMUND  COHN 


NEW  YORK 


44  GOLD  ST. 


ing  d-c  voltage,  current,  and  resistance. 
The  design,  construction,  calibration, 
testing,  and  applications  of  v-t  volt¬ 
meters  is  also  discussed.  A  valuable 
bibliography  on  the  subject  appears  at 
the  end  of  the  book. 

“The  Meter  at  Work”  covers  measur¬ 
ing  instruments  in  general.  Such  topics 
as  moving-iron  meters,  m»ving-coil 
meters,  electrodynamometer  and  elec¬ 
trostatic  meters,  and  thermal  meters 
are  treated  in  some  detail  with  an  eye 
to  principles  of  operation  and  construc¬ 
tion.  The  components,  characteristics, 
and  applications  of  these  instruments 
are  discussed.  A  chapter  on  the 
characteristics  of  rectifiers  and  thermo¬ 
couples  is  also  included. 

An  interesting  feature  of  this  lat¬ 
ter  book  is  its  unusual  construction. 
The  publisher  has  separated  the  text 
from  the  illustrations  and  diagrams  so 
that  the  reader  is  able  to  thumb 
through  the  text  and  have  the  diagram 
referred  to  before  him  all  the  time. 
This  is  accomplished  by  binding  the 
diagrams  and  illustrations  in  the  up¬ 
per  portion  of  the  book,  and  the  text 
in  the  lower  portion  with  a  small  space 
separating  the  two  sections.  Thus  in 
effect  you  have  two  small  books  bound 
in  the  same  cover.  In  this  manner 
repetition  of  diagrams  is  avoided  and 
the  reader  is  able  to  cover  all  phases 
of  the  subject  he  is  interested  in  with¬ 
out  having  to  turn  back  pages  to  refer 
to  a  particular  diagram.  The  idea  is 
good  except  that  in  turning  the  pages 
of  the  lower  section  you  tend  to  have 


over  70  types 


M&W  Cements,  Enamels,  and  Lacquers, 
specially  developed  for  radio  use,  have 
been  supplied  to  the  Radio  Industry  ever 
since  its  earliest  days. 


RECTIFIERS 


ODPD 

Type  CE  11  up  to  30  amperes 


In  addition  to  the  standard  radio  cements, 
enamels,  and  lacquers  listed  below,  Maas 
and  Waldstein  Company  supplies  special 
materials  formulated  after  a  study  of 
manufacturing  conditions. 


SPECIAL  TUBES 

Grid  Control,  Printing 
Lamps,  and  many  others 
Complete  Information  sent 
request 


LOUDSPIAKER  CEMENTS -A  complete  line 
having  drying  and  film  characteristics  to 
meet  every  requirement  of  loudspeaker 
fabrication. 


CONTINENTAL  ELECTRIC  CO 

710  HAMILTON  AVE. 
GENEVA,  ILLINOIS 


THERMOPLASTIC  CEMENTS— For  all  hot 

pressing  operations. 


COIL  ENAMELS— High  dielectric  strength; 
resistant  to  moisture;  good  coverage;  for 
machine  or  hand  dipping. 

RESISTOR  ENAMELS-Heat  resisting;  adhere 
to  porcelain;  in  many  colors  for  identify¬ 
ing  resistors  of  various  capacities. 


CONDENSER  ENAMELS -Adhere  to  greasy 
surfaces. 


TUBE  SHIELD  LACQUERS— For  tinned  and 
aluminum  shields;  special  heat-dissipating 
lacquers. 


In  a  complete  range  of  sizes 
and  alloys  for  Transmitting, 
Receiving,  Battery  and  Hear¬ 
ing-Aid  Tubes . . . 


CONE  LACQUERS  — Clear  or  slightly  pig¬ 
mented;  available  in  three  standards  of 
flexibility;  moisture  resistant. 


METAL  LACQUERS  — Clear  and  decorative. 


BRONZING  LIQUIDS  —  For  use  with  bronze 
powders  in  covering  metal  parts. 

CABINET  FINISHES  — Materials  and  complete 
schedules  for  finishing  metal  and  wood 
cabinets. 


This  apparatus  which  is  installed  in  a 
truck  is  driven  to  the  location  and  small 
portable  seismographs  are  set  up  on  the 
ground.  A  small  blast  of  dynamite  is 
then  discharged  and  the  photographic 
recorders  make  a  photo  record  of  the  re¬ 
bound  and  passage  of  waves  through 
the  earth.  The  speed  of  these  waves 
indicates  the  glacial  deposits,  formation 
of  bed  rock,  kind  of  rock,  amount  of 
water  under  the  ground  and  the  distance 
down  to  the  water.  Rev.  Daniel  I.  Line- 
han,  S.  J.  is  shown  working  on  a  group 
of  the  small  seismographs  which  are  used 
under  water  to  pick  up  the  waves  of  a 
blast 


WIRES  drawn  to  .0005"  diam. 
’^RIBBON  rolled  to  .0001"  thick 

SPECIAL  ALLOYS  made  to  meet 

individual  specifications  .  .  . 


Radio  engineers,  interested  in  securing 
the  best  results  at  lowest  unit  cost,  are 
invited  to  avail  themselves  of  M  &W’s 
advisory  service. 


MAAS  AND  WALDSTEIN  CO. 

Chicago  NEWARK  Los  Angeles 

PIONEERS  IN  PROTECTION 
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SELF-LOCKING 

NUTS 


the  pages  of  the  upper  section  turn 
also.  This  difficulty  might  be  solved 
by  binding  the  book  with  a  spiral  type 
of  binding  which  would  permit  the  dia¬ 
grams  in  the  upper  section  to  lie  flat 
as  the  pages  of  the  text  section  were 
turned. — E1.E.G. 


IN  OFFENSE 


AS  IN  DEFENSE 


IT'S  G-M  BELAYS  * 


Geophysifs  in  War 

C.  A.  Heiland,  Profensor  of  Geophysics, 
Colorado  School  of  Mines.  85  pages, 
Vol.  37,  No.  1  January  19^2,  Colorado 
School  of  Mines  Quarterly.  Price  $1.00. 
Photographs,  diagrams  owd  charts. 

A  TIMELY  PUBLICATION  discussing  the 
application  of  the  principles  of  geo¬ 
physics  to  military  operations  and  the 
application  of  the  same  principles  to 
the  location  of  mineral  resources  in¬ 
cluding  water  supply.  Under  military 
applications,  the  principles  of  geo¬ 
physics  may  be  applied  to  the  location 
of  the  enemy’s  position,  to  remote  con¬ 
trol  demolition,  foundation  tests  of 
fortifications,  location  of  wrecks  and 
practice  weapons,  weather  forecasting, 
road  location,  etc.  Each  of  these  appli¬ 
cations  is  described,  and  the  differences 
in  use  for  under  land  or  under  water, 
or  in  the  air  are  pointed  out.  Thus  such 
matters  as  submarine  or  aircraft  de¬ 
tection  and  location  are  described. 

The  second  portion  of  the  book  is  de¬ 
voted  to  the  more  prosaic  uses  of  geo¬ 
physics  in  the  location  of  water  sources, 
prospecting  for  oil  and  for  strategic 
and  critical  materials.  Finally  there  is 
a  brief  summary  of  what  geophysics 
has  to  offer  for  the  post  war  period. — 
K.H. 


^  If  your  uninterrupted  production  depends 

on  quality  Relays,  request  details  on  the 
following  G-M  relays,  which  can  be  sup¬ 
plied  in  volume  quantities,  and  quickly* 

★  TYPE  "J'';  smaU,  low-weight,  D.C.  aircraft  ★ 

relay;  2'  long,  1%'  high;  heavy  contact  pres¬ 
sure;  for  high  acceleration,  altitude,  vibration 

and  humidity  specifications,  2  or  3  poles;  self 
cleaning  wiping  contacts. 

★  type  smaU,  2  A'  long,  2‘A'  high;  1.  2,  ^ 

3  or  4  poles;  self  cleaning  wiping  contacts, 

A.C.  or  D.C. 

TYPE  "P'';  smaU,  2'A'  long,  1V4'  wide; 

1,  2,  3  or  4  poles;  self  cleaning  wiping  con- 
tacts;  heavy  contact  pressure;  A.C.  or  D.C. 

For  Full  Data  on  these  or  other  Relays  Write  or  Wire 


Chicago,  U.  S.  A. 


LIFE  SAVING  DEVICE 


STANDARD-HEIGHT  HEX  NUTS 

For  all  classes  of  bolted  faslertings 


THIN  HEX  NUTS 

For  shear  bolts  Mrith  Ugh  t  tensile  load 


ANCHOR  NUTS 

For  riveting  to  structures 


Elastic  stop  nuts  are  made  in  more  than 
2500  combinations  of  type,  size,  material, 
finish,  and  thread  system  ...  to  provide  S2de  and 
economical  bolted  fastenings  for  any  mechanical 
or  electrical  application. 

Each  nut  embodies  the  Elastic  Stop  resilient 
non-metallic  self-locking  collar  that  assures  a 
tight  hold  under  all  conditions  of  vibration, 
shock,  and  prolonged  hard  service. 


INSTRUMENT-MOUNTING  NUTS 

For  control  panels 


IeST  elastic  stop  NUTS  on 
your  products  and  equipment. 
Sample  nuts  will  be  furnished 
without  cost  or  obligation. 


»  Catalog  on  request 


ELASTIC  STOP  NUT  CORPORATION 


UNION,  NEW  JERSEY 


Every  British  seaman  will  be  equipped 
with  a  lapel  torch.  This  red  bulb  is  clipped 
to  the  shoulder  of  the  men  and  shows 
clearly  from  the  water.  It  has  already 
been  credited  with  saving  the  lives  of 
more  than  four  hundred  men 
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Program  of  the 
Summer 
Convention 
Institute  of  Radio 
Engineers 

June  29,  30.  and  July  1 
Stotler  Hotel 
Cleveland,  O. 


COMPLETE  UNIT  PRODUCTION— QUALIH  CRAFTSMANSHIP 


ELECTRICAL  DIVISION— 

Products  Engineering 
on  any  Electronic  Device — 

Quality  Amplifiers — 

Communications  System  Components — 

Conversion  of  Laboratory  Models 
into  Commercial  Production — 

SHEET  METAL  DIVISION— 

Metal  Chassis  and  Cabinet  Fabrication — 

Stamping — Forming — W  elding — Finishing 

Equipment  and  Wiring  for  Communications  Companies 


MONDAY,  JUNE  29 


10:30  A.  M.— 1:00  P.  M. 

AddreiiM  oi  welcome  by  A.  F.  Van  Dyck. 
P.  L.  HooTer.  and  Carl  E.  Smith. 

"Recording  Stondords"  by  I.  P.  Rodman 
Columbia  Recording  Corp. 

"A  New  Approach  to  the  Problem  of  Phono¬ 
graph  Reproduction"  by  G.  L.  Beers  and 
C.  M.  Sinnett,  RCA  Mig.  Co. 

"Measuring  Transcription  Turntable  Varia¬ 
tions"  by  H.  E.  Roys,  RCA  Mig.  Co. 

"A  New  Type  of  Practical  Distortion  Meter" 
by  I.  E.  Hayes,  Canadian  Broadcasting 
Corp. 

"Frequency  Moduiation  Distortion  in  Loud 
Speakers"  by  G.  L.  Beers  and  H.  Beiar. 
RCA  Mig.  Co. 

2:30  P.  M.— 5:00  P.  M. 

"Radio  Frequency  Osciilator  Apparatus  and 
Its  Application  to  Industrial  Process-Con¬ 
trol,  Equipment"  by  T.  A.  Cohen,  Wheelco 
Instrument  Co. 

"The  Scanning  Microscope"  by  V.  K.  Zwory¬ 
kin,  I.  Hillier,  and  R.  Snyder.  RCA  Mig. 


SHERRON  METALLIC  CORPORATION 

1201  FLUSHING  AVENUE  BROOKLYN,  NEW  YORK 


'Spectroscopic  Analysis  in  the  Manufacture 
oi  Radio  Tubes"  by  S.  L.  Parsons.  Hy- 
grade  Sylvania  Corp. 

'Minimizing  Aberrations  of  Electron  Lenses" 
by  H.  Poritzky,  General  Electric  Co. 


15*V0tTS^ 


LETTER  OIN  A  RECORD 


'iSOpO.LTS 


When  «  precision  clectricti  device  or  a  critical  process  is  powered  from 
an  AC  line,  a  Raytheon  Voltase  Stabilizer  will  permanently  eliminate 
all  of  the  detrimental  effecb  caused  by  AC  line  voltase  fluctuations. 
Made  for  all  commercial  voltages  and  frequencies,  single  or  three  phase. 

Raytheon's  twelve  years  of  experience  in  successfully  applying  the 
Stabilizer  to  hundreds  of  perplexing  voltage  fluctuation  problems  is  at 
your  service.  It  will  pay  you  to  take  advantage  of  our  engineering  skill. 

Write  for  Bulletin  DL48-71  describing  Raytheon  Stabilizers. 


At  the  USO  club  for  Mrricomon  io  Norfolk, 
Va..  ••rvico  men  record  their  letters  on 
this  recording-reproducing  machine  and 
moil  the  records  home  to  the  folks.  These 
machines  are  being  Installed  in  USO  clubs 
operated  by  the  NCOS 


RAYTHEON  MANUFACTURING  CO. 

100  Willow  Stroot,  WALTHAM,  Massachusotto 
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TUESDAY,  JUNE  30 


10:00  A.  M.— 1:00  P.  M. 

"Mcdntenance  oi  Broadcaatinq  Operationa 
During  Wartime"  by  ].  A.  Ouiment. 
Canadian  Broadcaatinq  Corp. 

"High  Power  Televiaion  Tranamitter"  by 
H.  B.  Fancher.  General  Electric  Co. 

"F-M  Tronamitter-ReceiTor  ior  ST  Relay"  by 
W.  F.  Goetter.  General  Electric  Co. 

"Effect  of  Solar  Actirity  on  Radio  Communi¬ 
cation"  by  H.  W.  Wella,  Carnegie  Inati- 
tution  of  Waahington. 

2:30  P.  M.— 4:30  P.  M. 

"TeleTiaion  Video  Relay  Syatema"  by  I.  B. 
Keiater.  General  Electric  Co. 

"Mercury  Lighting  for  Teleriaion  Studioa" 
by  C.  A.  Breeding.  General  Electric  Co. 

"The  Focuaing  View  Finder  in  Teleriaion 
Cameraa"  by  G.  L.  Beera.  RCA  Mfg.  Co. 

"Automatic  Frequency  and  Phaae  Control  oi 
Synchronization  in  Teleriaion  Receirera" 
by  X.  R.  Wendt  and  H.  L.  Fredenhall,  RCA 
Mfg.  Co. 


SIGMA 


WEDNESDAY,  JULY  1 


10:00  A.  M.— 1:00  P.  M. 

"Radio  Strain  Inaulatora  ior  High  Voltage 
and  Low  Capacitance"  by  A.  O.  Auatin, 

A.  O.  Auatin  Co. 

"Improred  Inaulatora  ior  Self-Supporting  or 
Sectionalized  Towera"  by  A.  O.  Auatin. 
A.  O.  Auatin  Co. 

"Brief  Diacxiaaion  of  the  Deaign  oi  a  900 
Foot  Uniform  Croaa  Section  Guyed  Radio 
Tower"  by  A.  C.  Waller.  Truacon  Steel  Co. 

"Circular  Antenna"  by  M.  W.  Scheldori, 
General  Electric  Co. 

"Stub  Feeder  Calculationa"  by  H.  A.  Brown 
and  W.  J.  Trijitzinaky,  Unireraity  oi 
Illinoia. 


Midget  Sensitive 
Reiay 

SIGMA  TYPE  4F 

IDEAL  FOR  AIRCRAFT 
APPLICATIONS. 


Write  ter 

NEW  1V42  CATALOG 
Addretf— Dept.  K-6 


•  Withstands  severe  vibra¬ 
tion 

•  Not  affected  by  ambient 
temperature  from  — 40°C  to 

^90°C 

•  High  resistance  to  humidity 

•  Exceptionally  small  size, 
weight  2  ounces 

•  Contacts  handle  high  loads 

•  Coil  resistance  up  to 

10,000  iJ' 

•  Operating  on  one  milliwatt 
or  less 

Available  on  high  priority. 
Write  stating  circuit  charac¬ 
teristics  and  delivery  require¬ 
ments. 


JONES  500  SERIES 
PLUeS  and  SOCKETS 


SPEED  CONTROL  FOR 
AUTOS 


OTHER  SIGMA  PRODUCTS 


Plug-in  sensitive  relays 
Microswitch  relays 

"Zero  center"  differential 
Ized  relays 

Midget  rectifiers 


5000  volts  and  25  amperes.  Fulfills  every 
electrical  and  mechanical  requirement. 
Polarized  to  prevent  incorrect  connec¬ 
tions.  Easy  to  wire.  Sizes:  2,  4,  6,  8,  10 
and  12  contacts.  Thousands  of  uses. 
Write  for  Bulletin  500  today. 


SIGMA  INSTRUMENTS,  INC. 

78  Fracport  St. 

DORCHESTER  (Boston)  MASS 


Thia  radio-receiver  device  ia  attached  lo 
the  motor  oi  the  automobile.  Regardless 
of  the  preaaure  on  the  accelerator,  it  ia 
ao  deaigned  as  to  cut  down  the  speed  oi 
autos  approaching  intersections 


ELECTRONICS 
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ROTAfiY 

CONVERTERS 


SMALL 

MOTORS 


HIGH 

FREQUENCY 

EQUIPMENT 


POWER 

PLANTS 


NEWS  OF  THE  INDUSTRY 


Supply  of  shellac  for  phonograph  rec¬ 
ords  sharply  reduced.  New  demands 
for  technical  people  continue  to  he 
made;  even  young  women  of  scientific 
interest  have  opportunity  to  serve 
Signal  Corps 


belts,  etc.  form  the  Emerson  replace¬ 
ment  line. 

Armour  Research  Foundation,  35  West 
33rd  Street,  Chicago',  has  undertaken 
to  operate  a  national  registry  of  rare 
chemicals.  It  does  not  buy  or  sell,  or 
store  chemicals,  but  maintains  an  in¬ 
dexed  file  of  their  sources  thus  aiding 
those  who  do  not  know  where  to  go  to 
find  sources  of  supply. 

American  Standards  Association  has 
announced  a  new  American  standard 
for  dry  cells  and  batteries  for  hearing 
aids,  flashlights,  telephones,  ignition 
and  portable  radios,  which  will  repre¬ 
sent  the  best  practice  for  many  types  of 
cells  and  batteries  and  will  serve  as 
starting  point  for  new  development 
after  the  war. 


News 

On  April  14,  War  Production  Board 
limited  the  amount  of  shellac  available 
to  phonograph  and  transcription  record 
manufacturers  to  30  pei-cent  of  1941 
consumption.  The  effect  of  this  re¬ 
striction  upon  production  of  records 
depends  upon  the  ability  of  the  manu¬ 
facturers  to  use  other  less  strategic 
materials  or  to  use  less  shellac  per 
record.  Already,  May  7,  in  New  York 
records  were  moving  out  of  dealers 
hands  much  faster  than  they  were 
moving  in. 

April  ruling  by  WPB  that  no  new 
projects  costing  more  than  $5000  and 
requiring  use  of  critical  materials  could 
be  started  without  permission  means 
that  new  broadcasting  stations  are 
practically  impossible. 

Emerson  Radio  and  Phonograph 
Corp.,  New  York  City,  has  announced 
a  complete  line  of  quality  replacement 
parts  for  servicing  all  makes  of  radio 
sets  on  the  market.  Tubes,  ballast  tubes, 
radio  pilot  lights,  flashlight  bulbs,  con¬ 
densers  of  all  types,  resistors,  resistance 
line  cords,  shielded  i-f  transformers, 
varied  phonograph  equipment,  speakers, 
transformers,  volume  controls,  drive 


AT  THE  FRONT 


Audio  Productions  Sold 

Sale  of  Audio  Productions,  Inc.,  to 
Frank  K.  Speidell,  president,  acting 
for  himself  and  certain  associates  to¬ 
gether  with  interests  representing  out¬ 
side  capital,  by  the  Western  Electric 
Company  has  taken  place.  For  the 
past  nine  years.  Audio  Productions  has 
been  one  of  the  leading  producers  in 
the  fields  of  industrial,  advertising  and 
training  films. 

Mr.  Speidell  will  continue  as  presi¬ 
dent  of  Audio  with  Herman  Roessle, 
vice-president,  and  P.  J.  Mooney,  sec¬ 
retary. 

Audio  is  now  actively  engaged  on 
government  film  contracts  and  is  ex¬ 
panding  its  technical  facilities  and 
staff  to  provide  an  even  larger  produc¬ 
tion  set-up  for  training  motion  pictures 
now  urgently  needed  in  many  govern¬ 
ment  departments  and  in  defense  in¬ 
dustries. 

Audio’s  new  production  headquarters 
and  general  offices  are  in  the  Film 
Center  Building  at  630  Ninth  Ave.,  New 
York. 


Being  "At  The  Front"  has  a  diiier- 
ent  meaning  in  war  than  in  peace. 
But  to  achieve  both  distinctions  re¬ 
quires  the  "tops"  in  dependability, 
economy,  and  versatility.  In  the 
estimation  of  Military  and  Civilian 
experts,  PINCOR  Products  h4tve 
through  the  years,  first  in  peace 
and  now  in  war,  proven  that  their 
just  position  is  "At  The  Front" 


Moves 

CiNAUDAGRAPH  SPEAKERS,  INC.,  has 
moved  all  office,  machinery  and  equip¬ 
ment  to  a  new  factory  at  3911-3929 
South  Michigan  Ave.,  Chicago.  Addi¬ 
tional  floor  space  was  thereby  secured. 

Lord  Manufacturing  Company’s  sales 
and  engineering  force  has  moved  to 
520  North  Michigan  Ave.,  Chicago.  The 
entire  building  at  844  North  Rush  St., 
their  former  location  has  been  pur¬ 
chased  by  the  Government. 


A.  E.  Bailey.  Ir.,  sales  manager  of  new 
G-E  electronic  control  section.  Mr.  Bailey 
has  long  been  associated  with  the  appli¬ 
cations  of  electron  tubes  to  Industrial  pur¬ 
poses,  one  of  his  maior  contributions  being 
the  light  control  system  of  the  Chicago 
Civic  Opera  House.  1929 
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Jobs 

Federal  Telegraph  Co.,  200  Mt. 
Pleasant  Ave.,  Newark,  N.  J.  wants 
men  who  by  experience  in  the  radio 
service  field,  have  acquired  a  suitable 
background  to  become  rapidly  familiar 
with  the  inspection  and  testing  of  radio 
equipment  for  the  armed  services.  A 
number  of  jobs  are  also  available  in 
marine  installation  work  for  men  with 
commercial  licenses  and  with  ship  ex¬ 
perience.  Engineering  positions  are 
also  open  for  men  who,  by  study  have 
acquired  the  knowledge  equivalent  to 
that  required  for  an  engineering  de¬ 
gree.  No  1-A  draft  classification  men 
will  be  considered. 

Women  .skilled  in  amateur  radio  en¬ 
gineering  or  any  part  of  the  electronics 
field  are  having  an  opportunity  to  enter 
the  civilian  ranks  of  the  .\rmy  Signal 
Corps.  So  great  is  the  need  for  radio 
and  telephone  personnel  in  this  branch 
of  the  armed  forces  that  a  recruiting 
mission  is  touring  the  country  inter¬ 
viewing  people  who  are  interested. 

Appointments  as  commissioned  of¬ 
ficers  of  the  United  States  Marine 
Corps  Reserve,  for  assignments  to  spe¬ 
cial  aircraft  warning  duties,  are  now 
being  offered  to  men  holding  B.S.  de¬ 
grees  in  electrical,  communication  or 
radio  engineering.  College  graduates 
with  special  training  in  physics  or 
mathematics  are  also  eligible.  Experi¬ 
enced  radio  operators,  technicians  and 
repairmen  are  also  wanted  by  the 
Marine  Corps.  .Appointments  with  ini¬ 
tial  rank  of  .staff  sergeant  are  open  to 
qualified  men  between  the  ages  of  17 
and  35  with  the  assurance  that  they 
will  be  assigned  aircraft  duties.  Write 
to  Commandant,  Headquarters,  United 
States  Marine  Corps,  Washington,  I).  C. 

Pan  .American  .Airways-Africa,  I.td. 


W.  D.  Cockrell,  engineer  of  the  new  G-E 
electronic  control  divition.  Mr.  Cockrell 
hat  27  patents  on  electronic  control  and 
in  1941  received  a  Cherries  A.  Collin 
Foundation  award  lor  the  development  ol 
phototube  control  ol  large  machines  and 
presses 


A  New  Automatic  Frequency 

Response  Recorder 


f - 

I  MANY 
j  NEW 

EXCLUSIVE 

FEATURES 


A  RECORD  YOU 
CAN  RELY  ON 

As  its  names  implies,  it  will  draw  automatically  and  continually  (on  semi-log. 
paper.  4"  wide)  on  accurate  frequency  characteristic  of  any  audio  transmis¬ 
sion  component  or  complete  installation.  Indispensable  where  rapid  changes 
with  respect  to  frequency  occur  and  a  continuous  record  is  desirable;  (Loud¬ 
speakers,  microphones,  etc.)  Also  for  vibrotion  ond  acoustical  measurements. 


The  frequency  response  is  essentially 
flat  from  20  to  40  KC;  it  responds  to 
a  .2  of  a  DB  change  of  the  input 
signal. 

If  the  OB  Potentiometer  is  replaced 
by  a  linear  type  potentiometer,  the 
instrument  will  be  a  recording  am¬ 
pere  meter  or  volt  meter. 


Completely  AC  operated  —  light 
weight  (40  lbs) — compact  and  port¬ 
able. 

The  AUTOMATIC  FREQUENCY  RE¬ 
SPONSE  RTCORDER  has  many  other 
new  and  exclusive  features  which 
are  fully  described  in  our  Bulletin 
which  we  will  send  upon  request. 


Sound  Apparatus  Company 


I 


ISO  West  46th  St. 


New  York,  N.  Y. 


J 


"M-M-AI-A  supply  source  for 

U.H.F.  FIXED,  MOBILE,  or  PORTABLE 
COMMUNICATION  EQUIPMENT 

Compact,  rugged  and  dependable,  ABBOTT  ultra-high  frequency  trans¬ 
mitters  and  receivers  are  finding  favor  with  military  and  home  defense  services. 


Moy  we  quote  on  YOUR  requirements? 

_ /smmjuL _ 


INSTRUM€NT.INC. 


8  WEST  It  STREETeNEW  YORK,  N.  Y 
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.  .  .  .  Accuracy  and 
dependability  are 
built  into  every 
Bliley  Crystal  Unit. 
Specify  BLILEY  for 
assured  performance. 


BLILEY  ELECTRIC  COMPANY 


UNION  STATION  BUILDING 


will  train,  at  its  own  expense,  a  limited 
number  of  amateur  radio  operators  for 
duty  at  its  Africa  stations. 

In  addition  to  free  tuition  the  student 
will  receive  a  salary  of  |100  per 
month  until  successful  completion  of 
this  course,  at  which  time  he  will  de¬ 
part  for  African  duty  at  a  salary  of 
$250.00  per  month  plus  all  living  and 
transportation  expenses. 

The  Melville  Aeronautical  Radio 
School,  45  West  45th  St.,  New  York 
City,  has  been  commissioned  to  train 
operators  for  Pan  American  Airways- 
Africa,  Ltd. 

Men  between  the  ages  of  18  and  45 
with  previous  radio  experience  or  train¬ 
ing  of  any  kind,  in  good  health  and 
free  to  travel  are  desired. 

Opportunity  for  young  women,  high- 
school  graduates  with  a  bent  toward 
mathematics  and  science,  is  offered  by 
the  Signal  Corps  which  wants  hundreds 
of  such  women  to  train  as  engineering 
aids.  They  will  be  trained  for  6  to  9 
months  and  then  will  be  assigned  as 
inspectors  of  communication  equipment 
destined  for  the  armed  forces.  Pay 
during  training  is  $120  per  month  and 
starting  with  actual  inspection  work 
the  salary  is  boosted  to  $135.  These 
women  are  being  registered  and  selected 
i  by  the  Third  District  of  the  U.  S.  Civil 
Service  Commission,  Philadelphia. 


Marine  Radio 

Orders  now  on  hand  by  'Radiomarine 
Corporation  of  America  will  bring  the 
total  vessels  equipped  with  radio  by 
this  company  to  over  1000.  Recently  it 
received  orders  for  radiotelegraph  ap¬ 
paratus  for  381  new  Victory  ships.  It 
also  has  orders  for  400  direction  finders 
for  vessels  of  this  and  other  types. 


Acoustics 


To  MEET  DEMANDS  for  acoustical  ex¬ 
perts  in  several  government  labora¬ 
tories  as  well  as  the  technical  officer 
needs  of  the  Army  and  Navy,  four  cen¬ 
ters  of  instruction  in  acoustics  will  offer 
advanced  training  during  the  .summer 
of  1942.  The  courses  start  June  15  at 
Case  School  of  Applied  Science,  Cieve- 
land;  Brown  University,  Providence; 
University  of  California  at  Los  An¬ 
geles;  and  the  State  University  of 
Iowa,  Iowa  City.  The  courses  are  open 
to  advanced  undergraduates  and  to 
graduates  in  physics  and  engineering 
who  will  be  available  for  employment 
upon  completion  of  the  course.  During 
the  time  these  subjects  are  offered, 
these  schools  will  have  other  courses 
running  and  opportunity  will  thus  be 
offered  for  men  to  round  out  their  edu¬ 
cational  program. 


William  M.  Bailey  and  Paul  McKnight 
Deeley  have  been  elected  vice-presidents 
of  the  Cornell-Dubilier  Electric  Cor¬ 
poration,  South  Plainfield,  N.  J.  BoD 
of  these  men  have  been  actively  ass<. 
dated  with  the  company  since  its  for- 


June  i  942  — ELECTRONICS 


ELECTRO-VOICE  ; 

1239  SOUTH  BEND  AVENUE, 
Export  Division:  100  Varick  St.,  Ncv 

MFC.  CO.,  Inc. 

SOUTH  BEND,  INDIANA 
r  York.  N.  Y. — Cables:  "Arlab" 

i 


NEW  DRAKE  i'10.80  TYPE 


DRAKE  MANUFACTURING  CO. 

1713  W  HUBBARD  ST.  •  CHICAGO.  U.  S.  A 


theu  FEATURES  ui 

[  LITTELFUSES 


coosiNiCK  riaruai 


47S5RAVtNSvvOCD  AVt 


CHICAGO.  ILL 


mation.  Mr.  Bailey  as  chief  engineer  | 
in  charge  of  the  Industrial  and  Trans-  I 
mitter  Capacitor  Divisions,  and  Mr. 
Deeley  in  charge  of  the  Chemical  Lab¬ 
oratories,  the  Electrolytic  Capacitor 
Division  and  the  Export  Division. 

Wallace  K.  Brown  has  been  ap¬ 
pointed  vice-president  in  charge  of 
procurement  for  the  Crocker  Wheeler 
Electric  Manufacturing  Company.  He 
will  coordinate  and  expedite  all  the  re¬ 
lated  functions  of  the  procurement  and 
purchasing  departments. 

Jack  DeWitt,  chief  engineer  of  WSM  i 
has  left  for  the  duration  to  work  on 
equipment  for  the  armed  forces  at  the 
Bell  Laboratories  in  Whippany.  His 
successor  is  to  be  George  Reynolds, 
veteran  WSM  engineer.  Another  loss 
at  WSM  is  that  of  Walter  E.  Bearden 
of  the  engineering  staff.  He  is  going 
with  the  Columbia  University  Branch 
of  the  National  Research  Council  to  be 
stationed  at  Lakehurst,  N.  J. 

Walter  C.  Evans,  general  manager 
of  radio,  x-ray  and  broadcasting  divi¬ 
sions  of  the  Westinghouse  Electric  and 
Manufacturing  Company  has  been  made  j 
a  vice-president  of  the  company. 

E.  H.  Fritz  has  been  appointed  plant  , 
i  nanager  of  Stupakoff  Ceramic  and  Man-  i 
I  ufacturing  Company,  Latrobe,  Penna. 
Mr.  Fritz  is  president  of  the  Institute  1 
of  Ceramic  Engineers.  Stupakoff  is  com-  | 
pleting  a  large  extension  to  its  facilities  j 
for  the  production  of  Steatite  insulators  J 
for  radio  and  other  communications  i 
services.  I 

Dr.  Joseph  B.  Engl,  pioneer  in  sound 
film  technique,  died  in  New  Jersey  in 
April.  Dr.  Engl  devoted  practically  his 
entire  professional  career  to  motion 
i  picture  photography,  and  his  patents 
issued  in  the  very  early  days  were  the 
subject  of  continuous  reference  in  liti¬ 
gation  after  sound  pictures  became  the 
mode. 

Another  loss  to  the  .scientific  world  is 
that  of  Siegmund  Strauss,  an  Austrian 
inventor  who  made  notable  contribu- 
j  tions  to  the  fields  of  radio  and  to  the 
applications  of  electricity  to  medicine. 
Mr.  Strauss  first  used  a  selenium  cell 
in  connection  with  a  triode  amplifier 
(1911);  with  von  Lieben  and  Reisz 
made  very  early  contributions  to  the 
electronic  tube.  Of  recent  years  his 
contributions  lay  in  the  medical  field. 
During  1910  to  1917  his  papers  appeared 
frequently  in  ETZ  and  in  the  London 
Electrician.  He  came  to  this  country, 
a  refugee,  in  1940. 


Wnouncemen  I 


to  the  Readers 
of 

ELECTRONICS 


Polarized 

JEWEL  PILOT  LIGHT  ASSEMBLY 


Your  attention  is  called  to 
a  Revolutionary  Public 
Address  System  which  em¬ 
bodies  a  speaker  copied  from 
the  human  larynx,  resulting  in 
the  most  powerful  and  efficient 
speaker  system  ever  built. 


Now,  the  brightneu  oi  il- 
iLunination,  or  colored  eig- 
nal  light  intenaity,  con  be 
regulated  instantly.  For,  a 
partial  turn  of  the  jewel 
dims  or  brightens  the  light 
intensity  of  our  new  No.  80 
Type  Assembly!  Polarized  discs,  behind 
the  jewel,  arranged  to  be  free  to  rotate  with 
respect  to  each  other,  turn  the  trick! 

Have  you  a  copy  of  our  catalog?  It  pre¬ 
sents  a  complete  line  of  standard  and  spe¬ 
cial  Dial  and  Jewel  Light  Assemblies.  We 
supply  most  oi  America's  leading  communi¬ 
cations,  aircraft  and  electrical  manufac¬ 
turers. 


The  Dilks  Fluid  Flow 
Public  Address  System 


It  places  the  vibrations  of  sound  where 
desired, 


searchlight  places  the 
vibrations  of  light  where  desired.  The 
wasteful  dissipation  of  sound  upward 
is  reduced  more  than  50%. 


Other  exclusive  features  of  the  Dilks 
Fluid  Flow  Public  Address  System 


Highest  fidelity  sound  reproduction  at 
all  amplifications. 

Lowest  cost  per  decibel  of  any  sound 
system. 

Simple  as  a  radio  to  operate. 

Costs  but  a  fraction  of  far  less  power¬ 
ful  systems. 

Light  weight,  compact,  portable. 


These  are  LIHELFUSE  FACTORS  — 
not  "equivalents."  It  is  the  LITTELFUSE 
Twisted  Element  that  protects  against 
severe  vibration — the  LITTELFUSE 
Locked  Cap  Assembly  that  holds  caps 
firmly  under  all  conditions  —  the 
LITTELFUSE 

traction  and  ex-  '  underwrite 

,  Aspreved  LIttelfutp 

pension. 

Mechanical  Strength,  Fatigue  Resist¬ 
ance,  and  Long  Vibration  Life  are 
LITTELFUSE  qualities  accounted  for  by 
its  scientific  structure.  It  will  pay  you 
to  familiarize  yourself  on  the  details  of 
difference  among  fuses.  Send  for  the 
complete  Littelfuse 
Catalog,  listing 
fuses  and  mount¬ 
ings  for  every  in¬ 
strument  service. 


Approvals 

Installed  for  Air  Raid  warnings  in 
Boston,  New  Haven,  Cambridge  and 
other  Atlantic  coast  cities.  Furnished 
with  a  powerful  oscillating  unit,  the 
Dilks  System  gives  a  distinctive  sweep 
warble,  and  a  clear  steady  note  for 
all  clear.  Recommended  also  for  music 
in  War  plants  to  step  up  production, 
and  to  faithfully  amplify  recorded  mes¬ 
sages  from  men  at  the  front,  and  for 
open  air  and  arena  concerts  and  sports 
events. 


On  April  23  newspapers  carried  stories 
regarding  a  press  conference  with  Sec¬ 
retary  of  War  Stinison  that  day  giving 
some  details  of  the  aircraft  warning 
systems  now  being  located  along  the 
coast  lines.  .According  to  this  report, 
aircraft  or  ships  at  sea  can  be  picked 
up  more  than  100  miles  away.  Mr. 
Stimson  looked  through  one  of  the  new 
warning  instruments  on  a  recent  visit 
of  inspection  and  “saw  the  electrical 


For  Engineering  Data  about  this  radic¬ 
ally  new  Fluid  Flow  Public  Address 
System  kindly  write. 


Sm  Cataloi  for  LIttalfuM 
Extractor  Poiti  and  mount- 
inpt  tor  ovory  roquiromont. 


South  Norwalk,  Conn. 
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NEW  PRODUCTS 

Month  after  month,  manufacturers  de¬ 
velop  new  materials,  new  components, 
new  measuring  equipment;  issue  new 
technical  huUetins,  new  catalogs.  Each 
month  descriptions  of  these  new  items 
will  he  found  here 


Photoelectric  Relay 

A  NEW  PHOTOELECTRIC  CONTROL,  desig¬ 
nated  as  “Light  Watchman”  turns  off 
show-window  lights,  illuminated  signs, 
or  protective  lighting  during  blackouts. 
The  control  is  a  photoelectric  relay 
which  is  actuated  by  the  nearest  street 
light.  When  the  .street  light  goes  out 
at  the  start  of  a  blackout,  the  photo¬ 
electric  relay  turns  off  the  lights  in  the 
show  window,  sign,  or  protective  light¬ 
ing  system.  When  the  street  light  goes 
on  again  the  controlled  lights  are  again 
energized.  The  unit  is  highly  direc¬ 
tional,  and  is  subject  only  to  the  control 
of  the  street  light  at  which  it  is  aimed. 
A  short  time  delay  prevents  false  op¬ 
eration  of  the  relay  by  momentary 
flickering  of  street  lights.  If  either  of 
the  two  tubes  in  the  relay  fails,  or  if  the 
sensitive  relay  coil  is  open-circuited, 
the  relay  is  de-energized  and  the  lights 


are  turned  off.  The  operation  of  this 
device  will  not  affect  the  normal  func¬ 
tioning  of  a  time  switch,  if  one  is  used 
to  turn  on  the  lights  at  dusk  and  turn 
them  off  at  a  preselected  time. 

The  “Light  Watchman”  is  available  in 
indoor  or  outdoor  types,  from  General 
Electric  Co.,  Schenectady,  N.  Y. 


Radio  and  Telegraph  Key 

The  “Garceau  Electboplex”  key  is  an 
electronically  operated  semi-automatic 
or  bug-key  which  is  hand  operated  with 
the  side-to-side  motion  of  a  paddle. 
Pressing  the  paddle  to  the  right  pro¬ 
duces  dots  and  to  the  left  dashes.  The 
speed  of  sending  is  continuously  ad¬ 
justable  (even  during  the  course  of 


transmission)  by  a  single  control  knob 
on  the  panel.  At  all  speeds  the  mathe¬ 
matically  correct  proportion  between 


dots,  spaces  and  dashes  is  preserved, 
resulting  in  good  sending  regardless  of 
the  idiosyncrasies  of  the  operator.  The 
transmission  may  be  adjusted  from  less 
than  8  to  over  80  words  per  minute. 
Power  consumption  is  17  watts  at  115 
volts  either  alternating  or  direct  cur¬ 
rent.  Key  contacts  will  break  loads  up 
to  1/lOth  amp.  A  supplementary  tog¬ 
gle  switch  is  provided  to  hold  a  tele¬ 
graph  line  closed  when  the  key  is  not 
operating.  Overall  dimensions  of  the 
instrument  are  4  x  lOi  x  inches. 
The  cabinet  is  mounted  on  three  rubber 
feet  to  prevent  creeping.  Net  weight 
is  4  lbs. 

Electro^Medical  Laboratory  Inc., 
Holliston,  Mass. 


Automatic  Alarm  Systems 

These  systems  are  for  use  in  conjunc¬ 
tion  with  fences  which  have  been  built 
around  property  to  protect  it  from 
saboteurs  and  intruders,  and  are  espe¬ 
cially  useful  during  blackouts,  fogs,  or 
other  adverse  conditions.  Each  system 
includes  two  parts,  the  detector  and  the 
indicator.  The  system  works  on  the 
principle  of  detection  and  amplification 
of  vibration  or  sound.  The  detector 
(which  is  sealed  in  a  small  inconspicu¬ 
ous  box)  is  of  rugged  and  moisture- 
proof  construction,  and  is  an  inertia 
type  vibration  instrument  which  is 
mounted  on  the  guard  fence  at  pre¬ 
determined  intervals.  The  indicator, 
which  is  located  in  an  office  or  guard 


headquarters,  is  connected  with  the  de¬ 
tector  unit  and  supplies  both  audible 
and  visible  warning  of  any  attempt  by 
prowlers  to  scale,  cut  through  or  tunnel 
under  a  fence  protected  by  the  auto¬ 
matic  alarm  systems.  The  indicator  op¬ 
erates  on  110-120  volts,  60  cps  (special 
voltages  and  frequencies  are  available 
if  required)  and  conforms  with  govern¬ 
ment  requirements  of  uninterrupted  op¬ 
eration  at  temperatures  varying  from 
-40*  F.  to  130°  F.  The  systems  cannot 
be  turned  off  or  disconnected  by  other 
than  an  authorized  individual. 

If  the  protecting  fence  is  constructed 
with  a  top  rail  or  pipe,  there  is  available 
Model  10  Automatic  Alarm  which  util¬ 
izes  this  rail  as  a  conduit  for  lines 
connected  to  detector  units  operating 
through  the  alarm  indicator.  Audible 
and  visual  signals  of  any  desired  in¬ 
tensity  may  be  obtained  from  the  de¬ 
tectors,  and  tampering  with  the  fence 
in  any  way  (even  touching  the  fence) 
signals  the  presence  of  an  intruder,  and 
operates  controls  which  will  continue 
alarm  signals  until  reset  by  the  oper¬ 
ator.  This  system  consists  of  one  auto¬ 
matic  alarm  indicator  enclosed  in  a 
sealed  steel  cabinet,  and  three  detector 
units  sufficient  for  approximately  2200 
feet  of  fence.  Six  such  detector  units 
can  be  used  if  necessary. 

Where  the  segregation  of  two  sec¬ 
tions  of  fence  for  separate  alarms  is 
advisable.  Model  No.  11,  illustrated 
below,  is  used.  This  system  consists  of 
one  dual  channel  indicator  and  six  de¬ 
tector  units,  three  for  each  channel  or 
section  of  fence.  With  this  particular 
system  it  is  possible  to  identify  the 
particular  section  of  fence  from  which 
the  alarm  originates,  or  on  a  double 
alarm  to  know  that  the  danger  lies  be¬ 
tween  the  two  sections  patrolled.  The 
unit  can  be  made  to  utilize  twelve  de¬ 
tectors. 


Model  No.  30,  besides  patrolling  the 
fence  line,  will  also  signal  the  failure 
of  the  alarm  system  that  may  be  due  to 
an  open  or  short  circuit  in  the  detec¬ 
tors,  detector  lines  or  the  indicator  it¬ 
self,  whether  caused  by  accident  or 
tampering.  The  unit  consists  of  one 
indicator  and  three  detectors. 

Model  No.  31  combines  all  of  the 
characteristics  of  individual  models 
described  above  and  is  identical  to 
Model  No.  30  except  that  it  utilizes  the 
dual  channel  arrangement  in  one  unit. 

Automatic  Alarms  Inc.,  Youngstown, 
Ohio. 
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Recording  Discs 

New  recording  discs  known  as  “Black 
Seal  Glass  Base  Recording  Discs”  may 
be  described  as  all  glass  discs  in  either 
a  thin,  flexible  weight,  or  medium 
weight  in  10,  12  or  16  inch  sizes;  both 
weights  are  available  with  either  two 


BERYLLIUM  COPPER 
COIL  OR  FLAT 


W«  trust  no  on*  slso  with  any  oi  ths  proc- 
•ssos  that  go  into  tho  manuiacturs  of  B-H 
SlooTing  and  Tubing.  Erory  stop  —  from 
original  braiding  to  final  finishing  is 
undor  our  comploto  control.  Ws  aro  solsly 
rosponsiblo  for  tho  quoUty  of  sTory  foot 
of  B-H. 

FLEXIBLE 

VARNISHED  TUBING 

MAGNETO  TUBING 
SATURATED  SLEEVING 
FIBRE  GLASS  TUBING 
&  SLEEVING 

So  if  your  spocifications  or#  oxacting  os  to 
siss,  dioloctric  strength  and  floxibiUty  wo 
would  liko  to  show  you  how  B-H  products 
can  moot  thorn. 


Eliminafe~Driff  5ef-Fafigue 

l-S  beryllium  copper  coil  springs  ere  defi¬ 
nitely  superior — the  result  of  micro-process¬ 
ing,  e  radically  different  technique,  for  mak¬ 
ing  beryllium  copper  springs,  perfected  by 
Instrument  Specialties  Company  after  eight 
/ears  of  metallurgical  research.  M/cro-Frocess- 
ing  mokes  the  difference. 


WRITS  FOR  SAMPLES 


or  four  holes;  there  are  no  fibre  or 
other  foreign  material  inserts;  there 
are  no  metal  grommets  around  the 
holes;  and,  finally,  the  holes  of  the 
discs  are  precision  machined  directly  in 
the  glass. 

These  discs  are  available  from  The 
Gould-Moody  Co.,  395  Broadway,  New 
York,  N.  Y. 


First — l-S  springs  are  made  with  special 
machines  and  tools  of  our  own  design.  Eco¬ 
nomical  for  short  or  long  runs. 

Second  —  Special  heat-treatment  —  labora¬ 
tory  controlled  for  each  production  lot — as¬ 
sures  the  desired  physical  properties  for  each 
shipment  of  l-S  springs. 

Third — With  the  Carson  Electronic  Spring 
Tester,  our  laboratory  predicts  controls  and 
tests  to  closer  tolerances.* 


CONSHOHOCKEN,  FENNA. 

CHICAGO  OFFICE  440  W.  Huron  St, 


Sectional  Resistors 

For  use  in  radio  circuits,  power  recti¬ 
fiers  and  laboratories  for  measuring 
any  high  voltage  a-c  or  d-c  circuit  of 
250  to  30,000  volts,  a  new  sectional  re¬ 
sistor  is  available.  The  unit  is  designed 
to  replace,  in  certain  cases,  the  old  box 
type  resistor  which  had  a  high  power 
consumption  and  was  inconvenient  to 
install  or  replace.  Made  up  of  indi¬ 
vidual,  hermetically  scaled  units  wire 
wound  around  a  ceramic  resistor  spool, 
the  resistor  units  have  values  of  from 
0.25  to  one  megohm  and  a  rated  current 
of  1  ma.  Dimensions  are  Ijjxli  inches 
in  diameter  per  .section.  The  ceramic 
resistor  spool  is  sectionalized,  and  adja¬ 
cent  sections  are  wound  in  opposite  di- 


Four+h — Micro-Processed  beryllium  copper 
has  higher  strength  and 
conductivity,  bettor  en-  — — 
durance,  stability,  and 
heat  resistance  than 
stainless  steel  or  bronie. 

Better  corrosion  resist- 
ance  and  less  drift  than 
steel.  ^ 

*COIL  SPRING  STAND.  |H|^B 

ARD  PRODUCTION  jH 

Inside  diameter,  up  to  V2 
(any  .003 

Load  test  working  length. 

STANDARD^  TOLER. 

Angles — within  in  bends.  ij, 

Flatness — within  .001  to  .003 
in.  per  inch  of  length. 

Spring  measurement 
has  been  revolutionised 
by  the  Carson  Electronic 

Spring  Tester — an  exclusive  l-S  development, 
Measuring  to  ten-millionths  of  an  inch  with¬ 
out  pressure,  this  superior  precision  instru- 


MATHEMATICS 

FOR  RADIO 

AND  COMMUNICATION 


by  GEORGE  F.  MAEDEL,  A.B..  E.E. 

Chief  fnfrucfor,  N.  Y.  School,  RCA  fnsfifuies 


To  master  the  technicalities  oi  radio — to 
read  engineering  literature  intelligently — 
you  must  have  the  mathematical  ground¬ 
work  covered  by  these  absorbing  books 
prepared  for  home  study.  Book  I  (314  pp.) 
covers  the  algebra,  arithmetic,  and  geom¬ 
etry;  Book  II  (329  pp.)  covers  the  ad¬ 
vanced  algebra,  trigonometry,  and  com¬ 
plex  numbers  necessary  to  read  technical 
books  and  articles  on  radio. 


MAEDEL.  PUBLISHING  HOUSE  Room  108 
58S  East  38  Street,  Brooklyn,  New  York 
Send  me  MATHEMATICS  FOR  RADIO  AND 
COMMUNICATION  as  checked  below.  I  enclose 
payment  therefor  with  tho  understanding:  that 
I  may  return  the  book(s)  within  5  days  In  goo<l 
condition  and  my  money  will  be  refunded. 


rections  to  obtain  a  non-inductive  re¬ 
sistance. 

Resistance  is  held  within  close  tol¬ 
erances  permitting  interchargeability 
of  units  having  the  same  voltage  rat¬ 
ing.  When  a  number  of  sections  are 
mounted  on  one  shaft,  permanent  taps 
may  be  taken  off  between  any  two  sec- 


Nams 


NNOettStD' 


Address 


□  Book  I  at  $3.75  plus  3c  postage 

□  Book  II  at  $4.00  plus  Sc  postage 

□  Books  I  and  II  at  $7.76  postage  prepaid 
Foreign  and  Canadian  prices  25c  per  volume  higher. 


INSTRUMENT  SPECIALTIES  CO.,  INC. 

DEPT.  S.  LIHLE  FALLS,  NEW  JERSEY 
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TO  BUILD  SPECIAL 
UNITS  MORE  EASILY 


A  DIAL  DESIGNED  FOR 
INDIVIDUAL  CALIBRATION 


TYPE  ACN  DIAl 

•  Dial  bezel  acts  as  drilling 
template. 

•  Blank  scales  for  direct  cali¬ 
bration. 

•  Index  holes  in  pointer  for 
pricking  calibration  paints. 

•  Scale  removable  without  dis- 
■mounting  mechanism. 

•  Employs  Velvet  Vernier  Drive 
Unit. 


PLASTICS 


A  UNIT  COMBINATION 
OF  COIL  AND  condenser 


VINYLITE  -  CELLULOID  -  ACETATE 


TYPE  AR-16  COIL  &  TMK  CONDENSER 

•  Plug-in  coils  fit  swivel  mount. 

•  Air-spaced  coils  or  plain  coil 
forms  available. 

.  •  Low  loss  construction  through¬ 

out. 

•  Rigid  condenser  frame  for 
permanent  calibration. 

•  Condenser  mounts  on  panel, 
chassis  or  standoff  insulators. 

•  Condenser  capacities  to  250 
rrimf. 


FABRICATED  PARTS 
Printed  -  Laminated 


INJECTION  MOLDING 


AN  INSULATED  COUPLING 
THAT  WORKS  AROUND 
CORNERS 


TYPE  TX-12 


•  Isolantite  it^sulotion. 

•  High  quality  flexible  shafting 

•  Fils  '4'  shafts. 


THE  EMELOlO  CO.,  INC 


NATIONAL  COMPANY,  INC 


ARLINGTON,  N.  J 


MASS. 


tions,  permitting  a  multiplicity  of  re¬ 
sistance  combinations  on  one  complete 
unit.  For  switchboard  mounting,  insul¬ 
ators  are  available  in  7.5,  15  and  30-kv 
sizes. 

Westinghouse  Meter  Div.,  Newark, 
N.  J. 


•  BENBATIONALII  That's  ths  wwd  Isc 
ths  Bsw  CartM  MulU-Outpat  Dyitamator. 
Sine*  Its  iatrodoetioB  a  ysor  Of*.  Polle* 
Dsportmsats,  GarsnuasBl  Afsaciss.  aad 
maauioctursrs  of  Tank  Badlo  Eqalpmoat 
hoTo  louad  it  has  ao  oqaal  for  small 
siso.  high  oificloaeT,  oad  oxtra  light 
woight.  It's  tho  eoatlag  thiag  for  all 
TraasialHor  oad  Bocolvor  iastoUatioas 


Two  TYPES  OF  LOCKING  relays  with  elec¬ 
trical  release  are  available  for  opera¬ 
tion  on  any  nominal  voltage  under  125 
volts  alternating  or  direct  current. 


•  Writ#  todcry  for  doscriptlTo  litoroturo 
00  Cartor  Dyaomotors — D.C.  to  A.C.  Coa- 
Tortors — Magmotors — Hoary  Duty  Porma- 
noat  Magaol  Hoad  Goaorators — Spocial 
Motors — Ugh  Froqusacy  Coarortors — Extra 
Small  A.C.  Goaorators — Pormaaoat  Mogaot 
Dyaomotors  aad  Goaorators. 


1606  Milwaukee  Ave.  Cable:  Genemofor 

Carter,  a  well  knows  acme  Is  radio  sIsco  If22 


These  are  Type  A.R.L.  (top  photo) 
which  is  a  single  pole  double  throw 
relay,  and  measures  l'^x2ixl  inches; 
and  Type  A.J.L.  (bottom  photo)  which 
is  a  double  pole  double  throw  relay  and 
measures  Sftxlfxl  inches.  Features  of 
these  relays  are:  minimum  mounting 


DIAiS.  SCALES. 
WINDOWS.  KNOBS 
AND  SPECIAL  PARTS  for 
RADIOS.  INSTRUMENTS. 

— — owd—** 

COMMUNICATIONS  and 
ELECTRICAL  EQUIPMENT 


base  area,  small  size  and  weight,  abil¬ 
ity  to  withstand  vibrations.  They  have 
coils  for  momentary  and  continuous 
duty.  The  contact  rating  for  Type 
A.J.L.  is  5  amps  non-inductive  on  110 
volts  a.c.,  or  24  volts  d.c.  Standard 
operating  voltages  for  both  types  are 
6,  12  to  24  on  d.c.,  and  6,  24  to  110. on 
a.c. 

Allied  Control  Co.,  Inc.,  227  Fulton 
St.,  New  York,  N.  Y. 


Bids  ck—rfMllY  SHbmltfed 
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Aeorn  Tube  Socket 

The  ceramic  of  this  new  socket  is  of 
grade  G  Steatite,  glazed  on  top  and 
sides  and  impregnated  in  Cerese  AA 
wax  to  prevent  moisture  absorption.  It 
has  very  low  losses  at  ultrahigh  fre¬ 
quencies.  Contacts  are  of  grade  C 
tempered  phosphor  bronze  heavily  sil¬ 
ver  plated  to  withstand  100  hours  salt 
spray  test,  and  are  designed  to  hold  the 
tubes  with  a  minimum  of  insertion 
pressure  under  severe  vibration  tests. 
Contact  jaws  effect  a  scissor-hold  on 
tube  pin,  and  assure  electrical  contact. 
Another  tube  socket  is  of  the  lock-in 
type  and  utilizes  a  molded  shell  of 
mica-filled  low-loss  phenolic  material 
for  use  at  high  frequencies. 

A.  W.  Franklin  Mfg.  Corp.,  175  Var- 
ick  St.,  New  York,  N.  Y. 


Sianda/ui  Qetie^uUo^ 

^GC4Uun  ^44Jte>  Volt4neie/ui 
'lOodAe 

Pulie  QeHe/uiicM> 


Vacniini  Relay 


The  principal  of  enclosing  contacts 
subject  to  arcing  in  a  vacuum  is  used 
in  a  small,  light  weight  antenna  switch¬ 
ing  unit.  The  unit  can  handle  an  r-f 
potential  of  20,000  volts  at  30,000  feet 
altitude  and  provides  instantaneous 
break-in  for  keying  operations.  The 
high  vacuum  prevents  transfer  of  en- 
ergy  between  the  open  contacts.  The 
relay  consists  of  a  single  pole  double 
throw  switch  enclosed  in  a  highly  evacu¬ 
ated  glass  envelope.  The  armature  when 
actuated  by  an  external  electromag¬ 
net  transfers  the  circuit  from  receiver 


ELECTRICAL  COIL  WINDINGS 

Made  To  Specifications  For 

PLANES  -  TANKS  -  SHIPS 

Radio  Communication 
Signal  and  Fire  Control  Equipment 

Part  of  our  production  capacity,  and  all  of  our  25  years 
experience  are  available  for  war  production.  We're  aiding 
scores  of  prime  contractors  to  the  Army-Navy-Air  Corps 
and  Maritime  Commission 

May  We  Help  You? 

Write  -  Wire  -  Phone 

COTO-COIL  CO.,  INC 

70  Willard  Ave.  Providence.  R.  1 


to  transmitter.  As  the  space  between 
the  open  contacts  is  approximately 
0.015  inches  and  because  of  the  small 
mass  of  the  armature,  the  transfer  is 
fast  enough  for  instantaneous  break-in. 
This  speed  enables  keying  at  40  words 
per  minute. 

All  maintenance  is  eliminated  due  to 
permanently  fixed  contacts  which  are 
enclosed  in  the  glass  envelope.  This 
also  makes  the  unit  entirely  indepen¬ 
dent  of  climatic  conditions,  altitude  dirt 
or  oxidation.  Coils,  which  are  capable 
of  continuous  operation,  can  be  supplied 
for  any  of  the  common  voltages.  The 
unit  weighs  24  ounces,  including  case, 
and  measures  2Sx5ix6i‘g  inches  overall. 

Bendix  Aviation,  Ltd.,  Burbank,  Cal. 


Excellent  Facilities  for 
Electi  ical  and  Me¬ 
chanical  Sub-contracts. 
Send  for  Facilities  Rec¬ 
ord  or  Phone  GAspee 
4371 
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ELECTRICAL  DESIGN 
ENGINEERS . 


of  radio,  communication,  electrical,  air- 
craft,  automotive  and 
_ electronic  equipment 


GLASS 

BASS 

RECORDING 
DISCS  ^ 


six  years,  Allied  has  manufactured  top  quality,  professional  recording 
■  discs  for  an  increasing  number  of  critical  users.  Our  change-over  from 

aluminum  to  glass  base  discs  was  successfully  accomplished  more  than  a  year  ago. 
Control  in  manufacture,  close  inspection,  and  constant  care  in  every  manufacturing, 
packing  and  shipping  detail — results  a  one  quality,  first  quality  line — guaranteed  to 
be  uniform  whether  you  order  one  or  a  thousand  discs.  Our  regular  customers 
continue  to  send  us  repeat  orders — indicating  satisfaction.  If  you  are  not  using 
Allied  Glass  Base  Discs,  a  trial  will  convince  you  of  their  merits  and  superior  quality. 
Your  inquiry  will  receive  our  prompt  and  courteous  attention. 

It  is  economical  and  soves  you  money  to  buy  direct 
from  the  manufacturer.  PROMPT  DELIVERY  to  any  part 
of  the  United  States,  Canada,  South  America  and  some 
foreign  countries. 


RECOATING  SERVICE  for  your 
old  aluminum  discs.  Delivery  in 
one  week.  Details  on  request. 


ALUED  RECORDli^G  PRODUCTS  CO 

f?**'  21-09  43rd  Ave,,  Long  Island  City,  N.  Y. 


r  B  &  C  insulation  materials  include: 
Varnished  Tubinq,  Saturated  Sleev¬ 
ing,  Varnished  Cambric,  Varnished 
Paper,  and  Extruded  Plastic  Tubing 
—all  of  the  highest  quality — manufactured 
to  A.S.T.M.  standards. 


B  &  C  insulation  products  are  now  being 
used  in  constantly  increasing  quantities 
and  uses  in  the  defense  industries — in¬ 
cluding  radio  and  electrical  equipment 
and  components,  aircraft  plants,  leading 
industrials,  and  by  many  government 
departments. 


•  Free  sample  display  board 
^442  of  fubing  sent  upon 
letterhead  request. 


We  will  welcome  the  opportunity  to  work 
with  you  on  your  insulation  problems. 
Send  us  your  specifications.  Samples  and 
pr  ess  will  be  submitted  promptly.  Our 
accelerated  manufacturing  schedule  is 
now  in  operation. 


22  WEST  21st  STREET,  NEW  YORK,  N.  Y. 
CHICAGO  OFFICE  :  831  NO.  WABASH  AVE. 
Sales  representatives  in  principal  cifies 


Low -Frequency  Linear-Tinie- 

Base  Generator 

This  portable  generator  (Type  215) 
is  for  use  where  oscillographic  studies 
require  sweep  frequencies  as  low  as  one 
cycle  every  few  seconds.  It  may  be  used 
in  conjunction  with  an  oscillograph  pro¬ 
vided  with  a  long-persistence  cathode- 
ray  tube,  or  with  photographic  recording 
methods.  Vibrations  studies,  stress  and 
I  strain  measurements,  low-frequency 
i  electrical  o'bservation,  electrocardiog- 
i  raphy  and  electroencephalography,  may 
also  be  studied.  The  frequency  range 
I  of  the  instrument  corresponds  to  ro- 
;  tating  speeds  of  12  to  7500  rpm.  Tran¬ 
sient  observation  is  provided  for  by  a 
single-stroke  sweep  circuit.  The  gen¬ 
erator  provides  a  sweep  frequency 
range  of  0.2  to  125  cps.  The  maximum 
undistorted  output  signal  is  approxi¬ 
mately  450  volts  peak-to-peak,  balanced 
to  ground.  The  single  sweep  is  initiated 
either  manually  or  by  an  observed  sig¬ 
nal.  Linearity  is  assured  by  a  compen¬ 
sating  circuit.  It  measures  14ix8Hxl9i 
inches,  and  is  rated  at  115  or  2.30  volts 
alternating  current,  40-60  cps.  Power 
consumption  is  50  watts  and  fu.se  pro- 
tqption  is  1  amp.  The  primarj’  voltage 
'fs‘  selected  by  a  switch  in  the  instru¬ 
ment. 

Allen  B.  DuMont  Labs.,  Inc.,  Passaic, 
N.  J. 


Thin  Slot  In^ulatioiiN 

I  To  PROVIDE  NON-BL^KING  SLOT  ipsula- 
1  tion  for  use  in  confined  or  limited  space, 
I  a  new  thin  type  of  insulation,  called 
!  “Irv-o-slot”  is  available  in  seven  dif- 
'  ferent  thicknesses,  dielectric  strengths 
and  advantages.  “Irv-o-slot”  insulation 
consists  of  fish  or  Spauldo  papers  coated 
with  resin,  or  bonded  by  means  of  a 
plastic  insulator,  to  cambric,  silk  or 
Fiberglass.  The^e  insulations  possess 
strength  and  toughness  as  protection 


against  mechanical  .stres.ses,  and  have 
high  dielectric  sti'ength.  The  duplexed 
“Irv-o-slot”  and  Spauldo  paper  have 
good  heat  resistance.  The  bonded  insul¬ 
ations  have  high  moi.sture  resistance. 
The  insulation  is  flexible  and  easy  to 
fo'rm.  It  is  available  in  sheets  and  also 
tape  form  ready  to  be  cut  into  slot 
strips. 

Irvington  Varnish  &  Insulator  Co., 
Irvington,  N.  J. 
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DAVENOIL  COMPANY 

158  SUMMIT  STREET  •  NEWARK.  N.  J 


PHOTO  ELECTRIC  CELLS 

BRADLEy  LABORATORIES.  INC. 

S2  M(ADOW  ST.  •  N£W  HAV£N,  CONN. 


Low-loss  H-f  Coaxial  Cable 


Mounted  and  Unmounted 


For  radio,  television,  control  and  test 
equipment  is  a  new  type  of  co-axial 
cable  which  meets  the  requirements  of 
military  specifications  for  h-f  low-loss 
cables.  The  central  conductor  is  in¬ 
sulated  to  a  suitable  diameter  with  a 
recently  developed  low-loss  dielectric, 
then  covered  with  a  copper  braid  which 
serves  as  a  concentric  outer  conductor. 
The  entire  assembly  is  protected  by  a 
jacket,  or  sheath,  made  of  a  synthetic 
plastic  ,  called  Simplex-Plastex.  The 
cable  itself  is  flexible",  easy  to  install, 
and  can  be  used  on  the  highest  radio 
frequencies.  Moi.sture  is  eliminated  and 
there  is  no  internal  condensation. 

Simplex  Wire  &  Cable  Co.,  Cam¬ 
bridge,  Mass. 


PHOTO 

ELECTRIC  CELLS 


f  €)  r  all  n  e  1 1  r  a  t  o  and  p  r  e  c  i e 
Elertriral  and  Laboratnrv  Equipment 


Garceau 

Eleetroeiicephaloprapli 

This  is  an  electronic  diagnostic  in¬ 
strument  which  was  recently  redesigned 
from  a  cumbersome  and  unwieldy  cabi¬ 
net  to  a  compact  Lindsay  Structux’e  all- 
steel  housing.  In  changing  the  housing, 
the  manufacturer  aliso  transfonned 
the  instrument  from  a  complicated  ap¬ 
paratus  which  could  be  used  only  by  a 
specialized  laboratory,  into  practical 
piece  of  medical  equipment  which  can 
be  operated  by  a  non-technical  person. 
The  instrument  is  mainly  for  u.se  in 
neurology,  but  it  can  also  be  used  in 


Available 


in  small  bottles  with  applicator, 
as  illustrated,  or  in  8  ounre. 
16  ounce  and  gallon  containers. 


A  Unit  for  Every 
Type  Application 


E81  JACKSON 

Resistance-Capacity  Tuned 
★  AUDIO  OSCILLATOR 


•  Luxtron  Photo-Electric  Cells  meet 
a  wide  variety  of  scientific  and 
industrial  requirements  .  .  .  meas¬ 
urement,  analysis,  indication,  me¬ 
tering,  control,  signal,  inspection, 
sound  reproduction,  etc.  Available 
in  a  deversity  of  sizes,  type,  shapes 
and  capacities,  Luxtron  units  can 
also  be  produced  to  meet  special 
needs.  The  Bradley  Laboratories 
will  gladly  cooperate  with  engi¬ 
neers  and  design-  ; 

ers;  inquiries 
wanted.  Write  for 
illustrated  litera-  X  1 

lure.  V 


detecting  epileptic  tendencies  in  men 
selected  for  aviation  training,  as  well 
as  in  the  diagnosis  of  brain  injuries  as¬ 
sociated  with  head  wounds. 

It  consists  of  a  vacuum  tube  ampli¬ 
fier  and  an  oscillographic  I'ecording 
system.  Small  electrodes  are  placed  in 
selective  positions  upon  the  scalp  of  the 
patient.  The  minute  electrical  poten¬ 
tials  generated  by  the  brain  are  picked 
up  by  the  apparatus  and  amplified  and 
recorded  as  an  oscillogram  which  re¬ 
veals  to  the  diagnostician  such  infor¬ 
mation  as  the  presence  and  location  of 
brain  tumors,  focus  of  scars  causing 
epilespsy,  and  epileptic  tendencies. 

Electro-Medical  Laboratory,  Inc., 
Holliston,  Mass. 


H«r*  it  a  triad,  proran  and  accaptad 
Audio  Oscillator  whota  brilliant  pariorm- 
anca  sats  it  apart  irom  othar  makas. 
Audio  Frequancy  voltaga  is  davalopad  at 
^  its  Fundamantal  Fraquancy — by  tha  Re- 
.  sistance-Capacily  Tuned  Principla.  This  is 
not  a  "baat  iraquancy"  oscillotor  and 
contains  no  R.F.  circuits.  Operation  is 
vastly  simpliiiad.  Characteristic  iaults  of 
old  style  methods  are  eliminated.  Glass 
enclosed  direct  reading  dial  is  accurate  to 
within  3%  or  one  cycle.  Many  othar  out- 
standing  iaatures.  Price  $88.50. 

Write  tot  descriptive  literature 


THE  JACKSON  ELECTRICAL 
it  INSTRUMENT  COMPANY 

123  Wayne  Avenue  Dayton.  Ohio 
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embossed  groove 

DISC  RECORDERS 

for 

MICROPHONIC 

COMMUNICATION  -  CONFERENCE 
MOBILE-DICTATION  RECORDING 

Low  Distortion 
Froquency  Ronqe  150-4000 
cyclos 

ir  REFERENCE  RECORDERS 

4  turntoblM  operate  continuously  2 
hours  without  record  change.  1  hour 
on  each  7"  disc  (both  sides)  300 
groores  to  the  inch — 22  rpm.  Steel 
Cabinet.  Approx.  35"  x  20"  x  15" 
Weight  225  lbs. 

*  DUAL  CONTINUOUS 
RECORDERS 

Two  7"  turntables  with  automatic  tim¬ 
ing  unit  operate  continuously  ior  30 
minutes  without  manual  attention.  200 
grooves  to  the  inch.  33  rpm.  Completely 
portable  in  leatherette  or  leather  case. 
1844"x13V4"x8V4"  Weight  50  lbs. 

it  PORTABLE  RECORDERS 

Completely  sell-contained  single  turn¬ 
table  unit  with  inbuilt  microphone,  200 
grooves  to  the  inch  33  rpm.  Leatherette 
or  genuine  leather  covered  container. 
13"x9i2"x8V4".  Weight  24  lbs. 

^STANDARD  DICTATION  and 
TRANSCRIBING  MACHINES 

For  all-electric  recording  and  transcrib¬ 
ing.  Adaptable  to  every  form  of  of¬ 
fice  dictation  and  sound  recording. 
Records  200  grooves  to  the  inch.  33 
rpm.  Sturdy,  handsome  walnut  cabi¬ 
nets.  Il®4"xl0"x7y4"  Weight  17  lbs. 


7"  indestructible  plastic  discs,  .010 
inches  thick  are  filable  and  mailable. 
All  equipment  available  ior  6  volt  stor¬ 
age  battery  and  other  current  sources 
by  use  of  suitable  converters. 

For  detailed  specifications — 
wire — phone — write 


y5uND,>^RIBER 

CORPORATION 

87  Audubon  Sfreof  New  Moven,  Conn. 


Air  Raid  Siren 

A  NEW  ELECTRONIC  TYPE  aiv  raid  siren 
called  “Electro-Siren”  is  designed  to  give 
:  great  volume  for  alarms.  It  makes  use 
of  a  vacuum-tube  tone  generator  which 
can  either  duplicate  the  rising  and  fall¬ 
ing  tone  of  a  mechanical  siren,  or  can 
be  set  at  any  pitch  for  best  audibility 
over  traffic  or  manufacturing  noises. 
It  can  also  be  used  to  send  code  mes¬ 
sages  to  air  raid  officials  by  dots  and 
dashes.  It  has  an  arrangement  so  that 
a  microphone  can  be  used  for  voice  an¬ 
nouncements  over  the  same  system, 
which  takes  the  place  of  a  PA  system. 
The  unit  operates  from  110  volts  source, 
but  in  case  of  current  failure  can  be 
switched  to  6  volt  storage  battery  op¬ 
eration.  It  can  also  be  used  in  police 
cars  or  other  vehicles,  operating  from 
the  car  battery.  The  largest  system  can 
be  operated  continuously  for  four  hours 
from  a  fully  charged  battery. 

Audiograph  Div.,  John  Meek  Indus¬ 
tries,  1313  W.  Randolph  St.,  Chicago. 


Aircraft  Relays 

Three  new  relays  for  aircraft  or  ^ 
tank  service  have  been  announced.  The 
first  of  these  is  a  single-pole  relay 
which  is  available  in  two  forms — a 
single  circuit  form  with  one  normally 
open  contact  (CR2791-B100A) ,  and  a 
two-circuit  form  with  one  normally 
open  and  one  normally  closed  contact 
(CR2791-B100C).  It  has  a  maximum  , 
continuous  current  rating  of  20  amps  i 
at  12  or  24  volts,  and  a  maximum  | 
make  or  break  rating  of  100  amps  at  12  j 
or  24  volts.  The  coil  operates  at  1.2  | 
watts.  The  relay  weighs  3  ounces  in  ; 
the  normally  open  form,  and  3.4  ounces  | 
in  the  normally  open,  normally  closed 
form.  Tip  travel  is  A  inch  and  tip  | 
pressure  is  40  grams.  The  relay  meas-  i 
ures  13xlgxl%  inches. 

The  high-voltage  relay  (CR2791-j 
DIOOF)  is  designed  especially  for  use  • 
with  aircraft  radio  transmitting  equip-  j 
ment.  The  use  of  ceramic  insulation  | 
and  double-break  contacts  permits  con¬ 
trol  of  circuits  as  high  as  1,000  volts 
direct  current.  The  contacts  have  maxi¬ 
mum  current  ratings  of  0.020  amp.  at 
1000  volts  direct  current,  and  0.100  amp. 
at  500  volts  direct  current.  This  relay 
has  a  coil  wattage  of  1.2,  a  tip  travel 
of  inch  double-break,  and  a  tip  pres¬ 
sure  of  25  grams.  The  contacts  are  ar¬ 
ranged  for  double-pole,  double-throw, 
double-break  operation.  The  relay 
measures  2!^xlAxliV  inches. 

The  two-  and  three-pole  relays  are  pro¬ 
vided  in  two  forms.  One  form  (CR2791- 
B100D,G)  has  one  normally  open  cir¬ 
cuit  per  pole,  and  the  other  (CR2791- 
B100F,J)  has  one  normally  open  and 
one  normally  closed  circuit  per  pole. 
These  relays  have  maximum  continuous 
current  ratings  of  8  amps,  at  12  or  24 
volts,  and  the  maximum  make  or  break 
ratings  at  25  amps,  at  12  or  24  volts. 
The  coils  operate  at  1.2  volts.  Both  two- 
pole  forms  are  ISixlgxlsi  inches,  and 


— MICO— 

E]\GRAVER 


For  lettering  panels  of  steel,  aluminum, 
brass,  or  bakelite,  or  for  marking 
finished  apparatus. 

A  sturdy  machine  for  routine  production 
as  well  as  occasional  engraving. 

Attachments  increase  its  versatility  to 
include  large  work  on  flat  or  curved  surfaces. 

Excellent  engraving  can  be  produced  by 
an  inexperienced  operator. 

Catalogue  on  request 
Prompt  Delivery 

Priced  from  $115  with  type 

Mico  Instrument  Co. 

20  ARROW  STREET 

CAMBRIDGE,  MASS. 


ACCURACY  IS^ 
^IMPERATIVElj^ 

9  INSIST  ON  ^ 

INSTRUMENTS 
WITH 


0 

PERMIUM 

Pi¥ots  — Alloy  Jewel  Bearings 

•  For  Permanence 

•  Lifetime  Accuracy 

•  Maintained  Precision 

•  Lets  Maintenance' 

•  Replaces  Sapphire 

St««l  pivots  corrodo,  rust — uso  Iho  NEW 
HOMO-HEXTEROAXIAL  WEAR-RESISTING 
ALLOYS  (1000  timos  lifo  of  tool  stool) 
"Usod  in  proforonco  to  jowols." 

PERMIUM-AEROPOINT-PERMETTE 

Non-corrosivo  .  Non-mognotic 
Supor  Smooth  •  Loss  Friction 


THE  PARALOY  GO. 

600  S.  MICHIGAN  AVE.  •  CHICAGO,  ILL. 
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SHEET-METAl 

HOUSINGS 


MIDGET  CONDENSERS 


BUD  RADIO,  INC 


weigh  3.5  ounces.  The  three-pole  forms 
are  IsixUxlSJ  inches  and  weigh  3.75 
ounces.  All  four  forms  have  a  tip 
travel  of  n’j  in.  and  a  tip  pressure  of 
28  grams. 

These  relays  are  designed  for  use 
from  minus  40“  C  to  plus  95“  C.  They 
are  suitable  for  use  from  sea  level  to 
40,000  feet,  and  are  corrosion-proof, 
meeting  Navy  200-hour  salt-spray 
tests.  They  are  good  for  mechanical 
frequencies  of  5  to  55  cps  at  3^  inch 
maximum  amplitude  ( ^  inch  total 
travel)  applied  in  any  direction.  The 
contacts  remain  in  the  correct  position 
when  the  relays  are  subjected  to  a  lin¬ 
ear  acceleration  of  ten  times  gravity 
in  any  direction. 

General  Electric  Co.,  Schenectady, 
N.  Y. 


A  PRODUCTS 

and  PARTS 

ESSENTIAL  IN  THE  MANUFACTURE  OF 

ELECTRONIC 

APPARATUS 


roR  war-order  contractors  we  are  in  an 
excellent  position  to  manufacture; — 

•  Metal  Cabinet  s.  Chassis. 
Panels,  Racks,  Boxes 

•  Metal  Stampings;  also  Name 
Plates.  Dials,  etc. 

•  Completely  assembled  Screw 
Machine  Products 

•  Hardware  and  accessories 


gives  you  a  picture  story  of 
Insuline’s  enlarged  manufac¬ 
turing  facilities,  and  general 
descriptions  of  products  and 
parts  .  .  .  Write  for  your  copy 
nov:. 


Literature 


We  invite  inquiries  on  SPECIAL  WORK  FOR  MANUFAC¬ 
TURERS,  such  as:  Screw  Machine  Parts.  Engraving,  Machining, 
Stamping,  etc. 

It  will  pay  you  to  consult  lasuline  .  .  .  now! 


Wire  Data  Chart.  A  useful  chart  for 
persons  who  employ  wire  in  their  de¬ 
signs  or  specifications.  In  columnar 
tabulation  are  given  the  B  &  S,  Wash¬ 
burn  &  Moen  and  Stubs  or  Birmingham 
diameters  for  gauge  sizes  1  to  50.  The 
B  &  S  column  shows  feet  per  pound 
for  each  size  of  standard  5  percent 
phosphor  bronze.  Also  a  table  of  con¬ 
version  factors  for  obtaining  ft  lb 


STANDARD  WIRE  GAUGES 


aENERAL  CABINET  RACKS 


Taolwt—  taaafy,  DwabilHy  oad  Ceoaoaiy , 
llMta  SkMMliaa  CoWaat  Rocks  oifoed  Ike 
REST  ki  andowtos  for  on  oodtoss  vorialy 
of  hdofWal  atodrooic  kulalicrtiom.  Tko 
Ivo  eobiooH  RMdo  io  ikis  sarios  oecgai- 
•odola  19"  rack  poaals  ki  koiskis  fcoai 
•^4“  ••  35". 

Call  on  our  Sfceot  MoCol  Deport  inont 
/or  oatimotoa  on  your  apaciol 
roguiramonta.  Wm  mmkm  euatom- 
buUt  cobtnota,  ponafa  ond  punched 
cfcoaaia  for  many  typka  0/ 
oommorcjol  oppliootAona. 


lypat  oad  copocMat  fat  o  voriaty  of  coaunaidai  itqakaaiaoh. 
Tkay  faolora  AMarafl  196  kitalaNoM,  potMva  wtpiog  rolot 
cootod,  alacko-toidorad  lolor  oad  stator  etsaoMias,  kriokl 
cododan  pkitad  Raisk,  oad  ivDgad  OMckoaical  coastiadioa. 
Wa  will  ba  plaosod  to  farnisk  ottkaatas  oa  yoar  ftqakaaiaals. 


values  for  15  other  common  wire  ma¬ 
terials.  On  the  reverse  side  of  the 
card  details  of  the  composition,  strength 
for  hard  and  soft  grades,  percentage 
of  elongation,  and  density  are  given. 
The  card  is  heavy  white  celluloid,  vest 
pocket  size.  Callite  Tungsten  Corp., 
Wire  Division,  Union  City,  N.  J. 
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BRINGS  IT  THRU 


I^ENYON  is  serving  the  Allied 
forces  on  the  land  ...  in 
the  air  .  .  .  and  under  the  sea. 

Whether  it's  an  airplane  flying  I 

for  war  or.  peace  .  .  .  whether  W  A 

it's  a  ship  at  sea  or  a  submarine 
signalling  beneath  .  .  .  whether 
it's  a  broadcasting  station  bring* 
ing  the  news  ...  or  a  long-dis¬ 
tance  telephone  call  announcing 
a  birth  or  a  death  .  .  .  Kenyon 
Transformers  are  on  the  job. 

In  the  exigencies  of  war  and  along  the  by¬ 
ways  of  peace  the  efficiency  and  high  fidelity 
of  Kenyon  Transformers  are  playing  a  part. 


KENYON  TRANSFORMER  CO.,  INC 

840  BARRY  STREET  ‘  NEW  YORK.  N.  Y 


ALLIED  PRECISION  BUM 

LATCHING  RELAYS 


ALLIED  presents  a  new  line  of  me- 
cKanical  lock,  electrical  release  relays. 
They  are  designed  for  operation  on  any 
nominal  voltage  under  125  A.  C.  or 
50  D.  C.  Current  types  are  available 
in  single  pole  double  throw  and  double 
pole  double  throw. 

This  new  line  of  relays  has  important 
features  such  as  compactness,  light 
weight,  and  minimum  base  mounting 
area.  They  are  designed  to  meet  Air¬ 
craft  vibration  tests  and  Army  and 
Navy  temperature  and  humidity  re¬ 
quirements. 

Allied  Control  Company,  Inc.  has 
specialized  in  the  development  of  relays 
to  meet  critical  test  specifications.  Spe¬ 
cial  adaptations  of  standard  relays  to 
meet  your  specific  requirements  are 
solicited. 


Inquiries  front  aircraft  and  other  designing  engineers  will  receire  prompt  attention. 


ALLIED  CONTROL  COMPANY,  INC 

227  FULTON  STREET 


NEW  YORK  CITY 


Definitions  of  Electrical  Terms.  A  new 
American  Standard  known  as  Defini¬ 
tions  of  Electrical  Terms,  C42,  spon¬ 
sored  by  the  American  Institute  of 
Electrical  Engineers,  is  now  ready  for 
general  distribution.  It  is  the  first  time 
the  definitions  of  the  important  terms 
common  to  all  branches  of  the  art  as 
well  as  those  specifically  related  to  each 
of  the  various  branches  have  been 
assembled  and  printed  under  one  cover. 
This  glossary  is  the  result  of  more  than 
twelve  years  of  work  of  a  sectional 
committee.  The  thirty-four  organiza¬ 
tions  represented  on  this  sectional  com¬ 
mittee  include  the  national  engineering, 
scientific  and  professional  societies, 
trade  associations,  government  depart¬ 
ments  and  miscellaneous  groups. 

The  primary  aim  in  the  formulation 
of  the  definitions  has  been  to  express 
for  each  term  the  meaning  which  is 
generally  associated  with  it  in  electrical 
engineering  in  America.  The  definitions 
have  been  generalized  wherever  prac¬ 
ticable  to  avoid  precluding  the  various 
specific  interpretations  which  may  be 
attached  to  a  term  in  particular  applica¬ 
tions. 

The  book  contains  three  hundred 
pages,  size  8x11  inches,  and  is  indexed. 
It  sells  for  $1.00  net  each  in  U.S.A., 
and  $1.25  outside  of  U.S.A.  The  price  is 
the  same  for  single  copies  or  quantities. 
Checks  should  be  made  payable  to 
American  Institute  of  Electrical  Engi¬ 
neers,  and  addressed  to  their  headquar¬ 
ters  at  33  West  39th  Street,  New  York, 
N.  Y\ 


Electronic  Equipment.  A  16  page 
catalog  listing  various  stock  items  in 
rheostats,  resistors,  tap  switches, 
chokes  and  attenuators.  It  contains 
illustrations,  descriptions,  ratings, 
prices  and  other  helpful  information. 
A  copy  of  catalog  18  may  be  obtained 
from  Ohmite  Mfg.  Co.,  Dept.  4-A,  4835 
Flournoy  St.,  Chicago,  Ill. 

Switches.  The  application,  overtravel, 
operating  mechanism  and  maintenance 
and  inspection  of  small  precision  limit 
switches  is  described  and  illustrated 
in  a  new  listing  of  dimension  sheets 
by  the  Square  D  Co,  Milwaukee,  Wis¬ 
consin. 

Induction  Heating  Data  Sheet.  A 
data  sheet  covering  the  fundamentals 
of  induction  heating.  It  gives  a  descrip¬ 
tion  of  induction  heating,  current, 
frequency,  magnetic  fields,  and  heat 
producing  losses.  This  is  the  first  of 
a  series  of  data  sheets  and  from  now- 
on  they  will  be  released  monthly  by  the 
Induction  Heating  Corp.,  389  Lafayette 
St.,  New  Y’ork  City. 

Kubber  Conservation.  This  booklet 
gives  explicit  instructions  for  the  proper 
care  of  many  types  of  rubber  goods 
such  as  electrical  tapes,  wires  and  ca¬ 
bles,  mountings,  etc.  Harmful  effects 
of  grease,  oil  and  solvents  is  also  dis¬ 
cussed.  U.  S.  Rubber  Co.,  Rockefeller 
Center,  New  York.  N.  Y. 
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JAGABI  "LUBRl-TACT 


Faiu  Sisas,  Savcnty-Sia 
Raliiifi,  Lubrlcalari 
flMiaf  Caniaci 


electrical  Instrumenti 
1211-13  Arch  Street  Philadelphia,  Pa, 


Tube  Data  Sheets.  Application,  char¬ 
acteristics,  operating  conditions  and 
performance  of  several  kinds  of  tubes 
are  given  in  these  sheets  released  by 
Eitel-McCullough,  Inc.,  San  Bruno, 
California. 


TATES 

I  COMR^NY 


Air  Raid  and  Blackout  Devices.  A 
four  page  booklet  describes  automatic 
air  raid  siren  controls,  automatic 
blackout  relays  and  automatic  auxiliary 
systems.  A  brief  description  of  other 
items  manufactured  is  also  included. 
This  may  be  obtained  from  the  Auto¬ 
matic  Electric  Mfg.  Co.,  Mankato, 
Minnesota. 


Woven  Resistors 
for  Heater  Units 

High  Frequency  Circuits  and 
many  other  uses 


Non-inductive 
Flat  -  Thin 
Easily  mounted 
in  groups  or 
separately. 


A  Precision  Crystal 

Secondary 

FREQUENCY  STANDARD 

THAT  HAS  BEEN 

"Designed  tor  Application" 

A  precision  frequency  stsnUsrd  capable  of  lieini 
adjusted  to  WWV  or  some  other  piiuiary  standard 
and  putting  out  uniformly  accurate  calibrating  signals 
witb  10.  2S.  100,  1000  KC  interrals.  Uses  llie  new 
OKNKHAI.  KLECTUIC  No.  ISA  liKW  KC  crystal  har¬ 
ing  a  frequency  temperature  coefnclent  of  less  Ilian 
one  cycle  /Mc/C°.  The  crystal  Is  sealed  in  Helium 
in  a  standard  metal  tube  envelope. 

The  seir-containe<i  AC  power  supply  has  VIM.'jO-SO 
voltage  regulator  tube. 

In  addition  to  oscillator,  multivibrators,  and  har¬ 
monic  amplifier,  a  built-in  mixer  with  plione  Jack  and 
gain  control  on  panel  U  incorporated. 


Quick  Selector  Catalog.  A  64  page 
book  covers  safety  switches,  nofuse 
breakers,  multi-breakers,  panelboards, 
motor  control  and  motors.  New  appli¬ 
cation  data  on  latest  equipment  has 
been  included.  Electrical  ratings,  physi¬ 
cal  dimensions  and  circuit  diagrams 
help  in  the  selection  of  equipment.  This 
revise  may  be  obtained  from  Dept. 
70-N-20,  Westinghouse  Elect,  and  Mfg. 
Co.,  E,  Pittsburgh.  Pa. 


Resistors  are  Widely  Used  Where 
above  Features  ore  Essential. 

New  “RTS”  Test  Switches 

— A  "Pull-out”  Switch 

with  spring  return 

— A  "Push-in"  type 

with  spring  return 

Potential  or  Current  Units 
"Make  before  break"  or 
"Break  before  make" 

Momentary  Contacts 
1.  2  or  3  units  operated  by  one  knob. 
Other  types  are  described  in  Cat.  #5. 
Sec.  1. 

RTS  Switches  fit  any  test  switch  re¬ 
quirements  where 


Electronics  Parts 


and  Equipment.  The 
purpose  of  this  booklet  is  to  introduce 
the  type  of  jobs  which  can  be  done  for 
manufacturers  of  signal  apparatus, 
transmitting  and  receiving  apparatus, 
devices  and  parts.  Insuline  Corp.  has 
expanded  its  facilities  for  large  scale 
production  of  complete  jobs  or  special 
jobs  such  as  screw  machine  work, 
stamping,  engraving,  machining,  finish¬ 
ing,  or  assembly. 

The  booklet  describes  and  illustrates 
such  equipment  as  various  types  of 
cabinets,  amplifier  units,  trim  mould¬ 
ings  and  plates,  handles,  heavy  duty 
bases,  chassis  bottom  plates,  front  chas¬ 
sis,  panels,  and  over  twenty-five  dif¬ 
ferent  component  parts. 

Insuline  Corp.  of  America,  30-30 
Northern  Boulevard,  Long  Island  Citv, 
N.  Y. 


LABORATORY  RHEOSTATS 


compact,  positive 
switching  in  single  or  multiple  units  is 
desired. 


One  hole  mountinq-Sealeble 


Phase  Shifters 


Snubbing  .Mountings.  The  application 
of  bonded  rubber  vertical  snubbing 
mountings  for  vibration  control  and 
shock  absorption  in  equipment  is  de¬ 
scribed  in  a  20-page  Bulletin  No.  103. 
In  addition  to  describing  the  complete 
line  of  mountings  available,  the  booklet 
also  contains  basic  engineering  infor¬ 
mation.  Lord  Manufacturing  Co.,  Erie, 
Pennsylvania. 


and  ^  • 

Induction  Regulators 

For  complete  •  data  see  Cat.  4tl,  Sec. 
B2  and  Cat.  #1,  Sec.  B4. 

Tear  Off  and  Mail  Today 

To  THE  STATES  COMPANY 
HARTFORD,  CONN. 

Send  data. 

Name  .  Title  . 

Firm  . 

City  .  State  . 

KI.KV 


Photoelectric  Cells.  A  booklet  describ¬ 
ing  the  principle  of  operation,  charac¬ 
teristics,  temperature  factor,  fatique 
effect,  internal  resistance,  operating 
temperature,  time  lag,  permanence,  and 
spectral  sensitivity.  There  is  also  a 
table  of  standard  sizes.  Emby  Prod¬ 
ucts  Co.,  1800  West  Pico  Blvd.,  Los 
Angeles,  Calif. 


JAMES  G.  BIDDLE  CD 
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WIRING 

DEVICES 


r  SPEED  UP 
ASSEMBLY  TIME 


IMPROVE  ELECTRICAL 
CONNECTIONS 


APPROVED  FOR  MARINE-AIRCRAFT 
COMMUNICATIONS  COMMERCIAL  USE 


AMP  solderless  wiring  devices  eliminate 
the  faults  of  soldered  connections  and  give 
assured  service  under  conditions  of  the  low¬ 
est  operating  currents  and  over  the  range 
from  DC  to  the  highest  radio  frequencies, 
as  well  as  under  normal  current  rating. 

The  design  of  these  thoroughly  engineered 
electrical  devices  assure  economy,  effi¬ 
ciency  and  convenience  in  production.  A 
few  outstanding  characteristics  are  listed 
below: 

1  ■  greater  flexibility  of  installation 

2  ■  greater  resistance  to  bending  failure 

under  repeated  reversals  of  mechani¬ 
cal  loading. 

3  ■  greater  resistance  to  corrosion. 

4  a  many  types  available 

with  unique  AM P  If 

"Diamond  Grip"  insu- 

lotion  support  which 

protects  wire,  elimi- 

nates  tape  and  insu- 

lotion  tubing  illustrated 

at  right.  (Write  for  Bulletin  #13) 

5  a  facilitates  insertion  of  wire. 

$  .  more  intimate  electrical  contact. 

greater  mechanical  strength  of  the 
7  a  connection. 

high  safety  factor  for  overload 
Sa  conditions. 

greater  tensile  strength  than  required 
9  a  by  government  specifications. 

.  quality  of  electrical  ioint  can  be 
lUa  determined  by  visual  inspection. 


Aircralt-Marin*  Productt,  lae.,  maiatatat 
a  ffareh  and  •MpTim»ntal  laboratory 
tor  aow  dovicot  aad  u»o»  aad  for  your 
tpoelal  problomt  baring  to  do  with  v/vc- 
trical  coanoctioat.  • 


Write  today  for  Bulletin 
111 _  Complete  de¬ 

scription  of  AMP  Solder¬ 
less  Wiring  Devices 

and  Bulletin  #13  describ¬ 
ing  "Diamond  Grip" 


Backtalk 


This  department  is  oper* 
ated  as  an  open  forum 
where  our  readers  may 
discuss  problems  of  the 
electronic  industry  or 
comment  on  articles 
which  ELECTRONICS 
has  published 


I-F  Stability 


If  the  inductance  of  the  i-f  coils  in  an 
i-f  stage  having  two  double  tuned  trans¬ 
formers  are  too  high,  the  i-f  tube  will 
oscillate  as  a  tuned  grid-tuned  plate 
oscillator.  The  following  formula  gives 
the  maximum  values  of  inductance  that 
can  be  used: 


L  = 


where 

Q  =  average  Q  of  the  coils  in  cans 
R,  —  plate  resistance  of  i-f  tube  in  ohms 
gm  =  mutual  conductance  of  i-f  tube  in  mhos 
C  =  grid-to-plate  capacity  of  i-f  tube  in 
farads 

/  =  intermediate  frequency  in 

cycles,  second 

L  =  average  inductance  of  coils  in  henries 
A  =  phase  shift  factor  depending  on  the 
coupling  factor  K  (the  average 
coupling  of  the  transformers) 

For  A  =  1  (critical  coupling)  A  =  2.52 

A  =  0  9  (909o  critical)  A  =  2  44 

A  =  0,8  (80^c  critical)  A  =  2.4 

A  =  0  .4  =  2. 


A  is  obtained  from: 

(4X*  -t-  1  -  K'-)  -t-  4  A= 


A  = 


4A*  +  1  +  A= 
where  X  is  the  solution  of : 

8X»  -4X^-1-  2X(1  -  A*)  -  (1  -I- A=)  =  0 
Thus  to  determine  values  of  A  not  given 


in  the  table  above,  substitute  values  of 
A  in  the  cubic  and  solve  for  A'.  Then 


Inductance  of  I-F  Coils 
At  Which  the  I-F  Tube  Will  Oscillate 


Values 

of  Maximum  L  in 
Q  =  100 

A  =  1 
(critical 
coup- 

Milliheiu-ies  for 

A  =  .9  A  =  .8 
(90%  (80% 

critical  critical 
coup-  coup- 

B+ 

Tube 

ling) 

ling) 

ling) 

250 

6K7G 

1.42 

1  37 

1  34 

100 

6K7G 

2  15 

2  05 

2. 

250 

7A7 

1  43 

1.38 

1  .35 

100 

7A7 

12SK7G 

|2.24 

2  15 

2,1 

90 

1LN5  \ 

1  in5  ; 

1.87 

1  81 

1.77 

67  5 

115 

2  05 

1.97 

1  92 

67  5 

6SD7GT 

1.38 

1.33 

1.31 

67.5 

7H7 

0  805 

0  776 

0.762 

CABLES... 


LIBHTINO  AND  POWER  CABLE 
HlfiH  TENSION  IGNITION  CABLE 
RADIO  POWER  AND  CIRCUIT  CABLE 
MULTI-CONDUCTOR  INSTRUMENT  CABLE 
SHIELDING  BRAID  AND  BONDING  CABLE 


•  To  all  engineers  working  in 
the  aircraft  industry,  we 
have  to  offer  a  complete  selection 
of  electric  wires  and  cables  made 
to  the  latest  specifications. 

In  many  cases  our  products  are 
designed  to  meet  the  requirements 
of  new  instruments,  devices  or 
controls,  using  construction  most 
suitable  for  lightness  and  service¬ 
ability. 


Write  for  our  catalog  4M-I  and 
Coaxial  Cable  Bulletin 


BOSTON  INSULATEO 
WIRE  and  CABLE  COMPANY 

Uphamt  Comer* .  Dorcketter,  Mass. 


UHF  and  MICROWAVE 
PRECISION  WAVEMETERS 


•  POKTABM.K. 

•  BATTEttV-OPEHATEn 

•  ArCM  BArV  0.1% 

Models  Available 
100-4000  Megacycles 
with  2  to  1  frequency 
coverage  on  each  Model. 


^Mk^^iciKdoiHeA- 


MICROWAVE  EQUIPMENT 

ASA-AA1  BIWMI  Long  Branch, 


Broadway 


New  Jersey 


hino  1942  —  ELECTROMCS 


E 

C 


Ft 

u 


C( 

nu 

ar 

y« 

m 

ar 

a 

a 

V 

si 


f 


RECTIFIERS 


ELECTRICAL 

i^RECTIFIERSv 


TO  MEET 
YOUR  SPECIFIC 
REQUIREMENTS 


FOR  EVERYTHING 
IN  ELECTRONIC 
AND  RADIO 
EQUIPMENT 


usin^  this  value  of  X  and  the  value  of 
K  solve  the  equation  above  the  cubic 
for  A.  About  20  percent  should  be  al¬ 
lowed  for  being  within  regeneration 
limits. 

In  the  table  are  values  for  455  kc  i-f 
calculated  from  the  first  formula  for  a 
Q  =  100.  For  any  other  value  of 
Q  multiply  by  100/ Q.  Values  are  cal¬ 
culated  on  the  handbook  values  of  grid 
to  plate  capacity,  mutual  conductance 
and  plate  resistance. 

J.  J.  Adams, 

Zenith  Radio  Corp. 


ELECTRICAL 

CONTACTS 


by  BRAININ 

For  your  regular— and 
unusual  requirements 

Contact  rivets  in  silver,  plati¬ 
num,  palladium  and  their  alloys, 
and  other  materials  supplied  to 
your  specifications.  Also,  to 
meet  today's  requirements,  we 
are  expanding  our  field  to  take 
care  of  sub-assemblies  using 
contacts. 

We  specialize  in  laminated 
sheet  and  wire,  bimetals,  com¬ 
posite  rivets  and  screws.  Write 
to  Brainin  for  your  contact  re¬ 
quirements.  Inquiries  invited  in 
reference  to  materials  and  de¬ 
signs.  Prompt,  confidential  at¬ 
tention  given  to  all  communi¬ 
cations. 


More  on  Conversion 


Editor’s  Note — Late  in  March, 
Electronics  w’rote  to  many  suppliers 
of  components,  materials  and  assem¬ 
blers  of  communication  and  industrial 
electronic  equipment  to  determine  the 
impact  of  the  stoppage  of  production 
of  home  radio  receivers  on  April  22. 
The  following  letters  are  typical  of  the 
answers  received : 

“We  are  not  doing  any  defense  work. 
We  have  tried  to  get  some  of  this  work, 
visited  Washington,  but  so  far,  no 
prints  have  been  shown  us. 

“Our  plant  is  ready  for  defense  work, 
our  people  are  ready,  in  fact  they 
would  like  to  work  48  hours  per  week 
without  overtime  if  the  Government 
would  let  them. 

“We  advised  the  Government  that  we 
were  ready  and  if  defense  work  could 
not  be  given  us  directly,  they,  the  Gov¬ 
ernment  could  have  and  use  our  plant 
for  the  duration  without  recourse  or 
compensation,  including  the  writer’s 
service.’’ 

“For  over  a  year  we  have  tried  to 


^^VER  twenty  years  of  specialized  engi¬ 
neering  experience  has  served  to  make  The 
Benwood  Linze  Company  a  Central  Clearing 
House  of  information  on  Rectifiers  and  their 
applications. 

A  completely  modern  three  story  plant 
equipp^  with  the  latest  production  facilities 
is  devoted  to  research,  design  and  manufacture 
of  selenium  and  copper  sulphide  rectifiers  and 
rectifier  transformer  assemblies  which  incor¬ 
porate  these  elements  in  addition  to  copper 
oxide  and  tube  rectifiers.  B-L  rectifiers  and 
assemblies  are  today  serving  America's  Armed 
Forces  and  industry  with  service  proved 
efficiency. 

Now,  with  every  thought  concentrated  on  pro¬ 
ducing  for  America,  the  value  of  these  years 
of  experience  is  evident.  If  you  have  any  prob¬ 
lems  involving  conversion  of  electrical  current 
from  AC  to  you  will  do  well  to  join  the 
hundreds  of  others  who  depend  on  the  crafts¬ 
manship,  engineering  experience,  and  modern 
production  facilities  that  B-L  offers. 


RECORDING  VOICES 


—  APPLICATIONS  — 

Electronic  Equipment 
Comnmjnication  Systems 
Alarm  Systems 
Signal  Devices 
Photoelectric  Cells 
Electro-Magnetic  Equipment 
Radio  Remote  Control 
Broadcasting 

- ASSEMBLIES  - 

Fast  Battery  Chargers 
Battery  Boosters 
Electroplaters 
Cathodic  Protection 
Aircraft  Engine  Starters 
Power  Packs 
Motion  Picture  Rectifiers 
Voltage  Adjusters 


FOt: 

*  Elacironic  Tubas 
*Tasl  EquipmanI 

*  Public  AMrass 

*  Xmittitig  Gaar 

*  Phafa  Calls 

*  Racalvars 

*  15,000  Paris,  ale. 


VAST  COMPLETE  STOCKS 


ONE  DEPENDABLE  SOURCE 


All  rtia  laoding  linas: 
RCA,  Nolienal,  Ham- 
marlund,  Mallory, 
Raylltaan,  Hallicro^ 
ars,  TriplaM,  Therdar- 
san,  Blilay,  ale. 


GET  YOUR  208  PAGE  BOOK 


Hare's  everything  in  Radio  and 
Electronic  equipment  for  engi¬ 
neering  comoiunications.labora- 
tory  and  industrial  application. 
You'll  want  the  208  Page  ALLIED 
Buying  Guide  handy.  For  your 
FREE  copy,  write  Dept.  24-F-2. 


The  Auetralian  Broadcaating  Service  re¬ 
corded  the  voices  oi  the  defenders  of 
Tobruk.  The  messages  of  the  Scottish 

gunners  who  manned  this  anti-aircraft 
position  will  be  relayed  to  Scotland.  The 
men  are  shown  listening  to  their  own 
voices  after  they  had  been  recorded 


1805  Locust  St. 


St.  Louis,  Mo. 
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secure  government  work  without  suc¬ 
cess.  Since  our  civilian  business  defi¬ 
nitely  ends  this  week,  it  was  necessary 
either  to  close  down  or  secure  defense 
work,  and  in  a  last  supreme  effort  we 
were  fortunate  in  stumbling  across  a 
defense  item.  At  the  present  time  we 
are  converting  and  by  the  first  of  next 
week  we  will  be  100  percent  on  gov¬ 
ernment  work. 

“Just  for  the  sake  of  clarification: 
I  should  like  to  go  on  record  as  saying 
that  the  fact  that  we  have  not  converted 
and  have  not  been  doing  war  work  in 
the  past  is  because  we  were  utterly  un¬ 
able  to  obtain  any  kind  of  contract 
despite  several  trips  to  Washington, 
Fort  Monmouth  and  Dayton  in  an  ef¬ 
fort  to  get  something! 

“We  have  been  making  strenuous  and 
diligent  efforts  to  obtain  war  produc¬ 
tion  business  for  many  months.  As  a 
matter  of  fact,  long  before  the  curtail¬ 
ment  of  the  radio  industry  was  even 
contemplated. 

“We  have  a  beautiful  plant,  occupy¬ 
ing  some  75,000  square  feet  of  space,  a 
trained  personnel  all  of  them  adept  and 
skillful  in  the  handling  of  small  as¬ 
semblies,  and  we  know  that  we  could  be 
of  real  service  if  given  the  opportunity 
to  perform. 

“We  have  been  successful  in  lining 
up  a  few  jobs  for  the  Fall  which  will 
take  about  35  percent  of  our  plant  ca¬ 
pacity,  but  it  is  far  from  being  enough 
work  to  keep  our  organization  together, 
particularly  from  April  1st  to  Septem¬ 
ber  1st.  If  there  is  anything  that  you 
people  can  do  to  call  this  to  the  atten¬ 
tion  of  the  proper  people,  we  certainly 
would  appreciate  it.” 


RADIO  DEVICE  DIRECTS 
ARMY  DOGS 


SPECIALIZATION 

in  the  design  and  manu¬ 
facture  of  rotary  electrical 
apparatus  has  developed 
a  high  degree  of  accuracy 
in  Eicor  Products  that 
makes  them  the  accepted 
standard  wherever  such 
equipment  is  used. 

In  achieving  this  dis¬ 
tinction,  our  personnel 
has  gained  the  experience 
and  confidence  so  neces¬ 
sary  in  meeting  ttxlay’s 
tremendously  increased 
needs  for  Eicor  equip¬ 
ment. 


EKOR,ln(.,10SO  W.  Adorns  St., Chicago, U.S.  A. 


LINGO 

FOBAH-li 

5,-.  - 

'ngo  AM  and  FM 
radiators  ara  eraating 
naw  parformanea 
racordi  throughout  thg 
broadcasting  fiald.  Im- 
provad  designs  and 
axciusiva  faaturas  ara 
for  thair 


unax- 

and 

cost. 


168 


A  short-wave  device  for  transmitting  in¬ 
struction  by  remote  control  to  army  dogs 
on  the  battlefield  enabling  them  to  locate 
wounded  soldiers,  carry  messages  and 
supplies.  The  dog  carries  a  small  receiver 
on  his  back,  to  which  is  attached  a  small 
circular  aerial.  The  dog  wears  a  small 
head  set  from  which  he  hears  the  com¬ 
mands  of  his  master.  It  takes  three  months 
to  train  a  dog  and  ten  days  to  train  the 
man.  Carl  Spita.  noted  animal  trainer, 
will  submit  this  to  U.  S.  Army  shortly 


LOOK  TO  LISGO— 
for  provtn,  faettuU 
inforinotion  on  mod¬ 
em  antenna  aueteme. 
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RECENT  U.S.  PATENTS 


Each  week  the  United  States  Patent  Office 
issues  grants  to  many  hundreds  of  inven¬ 
tions  that  pass  the  acid  test  of  that  office. 
A  few  of  those  relating  to  electronics  are 
reviewed  here 


Number  Displaying  Device.  Use  of 
a  cathode  ray  tube  in  a  character  out¬ 
line  displaying  apparatus.  J.  W.  Bryce, 
I.B.M.  Corp.,  April  10,  1940.  No.  2,281,- 
350. 


quency  is  impressed  upon  the  d-c  .  H«»'  A  method  tor  test- 

polarising  potential.  L.  Hammond,  non-conductive  materiai  for  flaws 

March  2,  1940,  No.  2,281,495.  by  subjecting  the  material  to  a  high 

voltage  discharge.  Two  means  are 
provided  for  automatically  checking  or 
Temperature  Compensation.  Means  discontinuing  the  discharge  at  a  flaw 
for  temperature  compensating  a  vari-  for  a  short  interval,  and  establishing 
able  condenser  throughout  its  capacity  another  current  effective  to  prolong 
range,  comprising  a  second  variable  the  interval  for  a  predetermined  short 
condenser  similar  to  and  mechanically  time  after  the  checking  or  discontinu- 
ganged  with  the  first  condenser,  a  fixed  ance  of  the  discharge.  L.  J.  Gorman 
condenser  having  a  temperature  coeffi-  and  R.  L.  Morris,  Consolidated  Edison 

Co.  Sept.  21,  1940.  No.  2,280,119. 


this  type  of  instru 


SMALL  SPACE 


Running  Time 
Meters 


Square  or  round 
meter  type  housing. 
Automatically  and 
cumulatively  regis¬ 
ter  total  operating 
time  of  plate  and 
filament  circuits. 
Obtainable  in  min¬ 
utes  or  hours. 


g  (TT  *  Precipitation  Circuit.  Electrical  pre- 

*  '  T  cipitation  apparatus  for  cleaning  gases, 

)  ^  -  comprising  the  use  of  half  wave  recti¬ 

fiers.  H.  J.  White,  Research  Corp., 
cient  opposite  in  sign  to  that  of  the  two  Aug.  22,  1940.  No.  2,280.330. 
variable  condensers,  connected  in 
series  with  the  second.  The  two  series- 

connected  condensers  are  in  parallel  Tube  Testing.  Apparatus  for  simul- 
with  the  variable  condenser.  K.  D.  taneously  electrically  treating  and  in- 
Smith,  Bell  Telephone  Labs,  Inc.,  Sept,  dividually  electrically  testing  a  number 
24,  1941.  No.  2,281,461.  of  tubes.  J.  G.  Pfeiffer,  Western  Elec¬ 

tric  Co.,  Dec.  1,  1939.  No.  2,280,448. 

Humidity  .Measurement.  Combina¬ 
tion  of  an  elongated  hygroscopic  ele¬ 
ment  expanding  and  contracting  with 
changes  in  humidity,  and  a  three  ele¬ 
ment  tube  as  a  measuring  device.  E.  A. 

Keeler,  Brown  Instrument  Co,,  March 
31,  1938.  No.  2.280,241. 


Aik  tor  Bulletin  FI 

Time  Delay 
Relays 


Ultra  High  Frequency 
Apparatus 


plication  of  the 
plate  voltage. 

IVrite  tor  Bulletin  F2 


Generator.  Frequency  determining 
apparatus  made  of  rod-like  inductance 
elements  parallel  to  each  other,  electri- 
Welding  Apparatus.  Apparatus  us-  cally  connected  to  each  other  and  hav¬ 
ing  electron  tubes  to  control  the  spac¬ 
ing  of  the  electrode  in  an  arc  welding  ^ - - -  _  -  A 

apparatus  as  a  function  of  the  voltage  .wv--- 

between  an  electrode  and  the  work.  V.  ' — - 

J.  Chapman,  G.E.  Co.,  Aug.  9,  1940.  ^ 

No.  2,280,629.  O _ 


The 
R.  W. 
CRAMER 
COMPANY 
Inc. 


Inspection  System.  .4.  light  sensitive 
system  with  a  set-up  responsive  solely 


ing  a  balanced  tuning  condenser  ar¬ 
rangement  coupling  one  end  together 
with  shield  surrounding  the  induc¬ 
tances.  R.  W.  George,  RCA.  June  20, 
1939.  No.  2,277,638. 


Speeialhts  on  Timers 
P.  O.  BOX  3 
CENTERBROOK, 
CONN. 


Feedback  Balancer.  In  a  high  fre¬ 
quency  relay  system  with  receiving  an¬ 
tenna  connected  to  the  input  of  an  am 
plifier  and  a  transmitting  antenna  con 


to  the  rate  of  change  of  illumination  on 
the  phototube.  F.  H.  Gulliksen,  WE&M 
Co.,  Sept.  7,  1939.  No.  2,280.948. 


FXECTRONICS 


nected  to  the  output  of  the  amplifier 
through  coaxial  transmission  lines, 
with  auxiliary  electrodes  within  each 
of  the  transmission  lines  in  adjustable 
relationship  to  the  inner  conductors, 
and  an  auxiliary  transmission  line  con¬ 
necting  the  auxiliary  electrodes  with 
means  for  adjusting  the  length  of  this 
auxiliary  transmission  line  whereby  a 
small  amount  of  energy  of  predeter¬ 
mined  phase  and  amplitude  is  intro¬ 
duced  into  the  first  transmission  line 
from  the  second.  F.  H.  Kroger,  RCA. 
Jan.  31,  1939.  No.  2,276,497. 


S.  S.SP.1TE 

EXIBESKRATTS 


If  you  need  flexible  shafts  for  any  application  which 
rates  a  priority,  let  us  know  your  requirements.  Our 
production  is  now  entirely  for  war  work  and  is  going 
full  blast  to  supply  our  flexible  shafts  for  their  many 
applications  in  planes,  tanks,  ordnance,  naval,  signal 
corps  and  other  war  equipment  and  for  portable  tools 
and  other  production  machinery.  Even  so,  you  can 
count  on  us  for  the  fullest  cooperation  in  meeting  your 
needs.  Write  us. 

If  you  want  sample  shafts  for  experimental  purposes 
we'll  be  glad  to  supply  them. 


Centimeter  Wave  Generator.  Means 
for  forming  electrons  from  a  gun  into  a 
beam,  a  hollow  resonant  electrode  for 
shielding  electrons  from  external  fields, 
this  electrode  having  an  effective  length 
equal  to  an  integral  number  of  half 
wave  lengths  of  the  oscillatory  currents 
established  therein,  directing  the  beam 


DATA  FOR  ENGINEERS 


The  following  bulletins  will  be  mailed  to  you  on  request: 

BULLETIN  1238  Flexible  Shafts  for  Power  Drives. 
BULLETIN  38  Flexible  Shafts  for  Remote  Control. 

BULLETIN  839  Flexible  Shafts  for  Aircraft. 


AT  YOUR  SERVICE 
•••eeration  of  our  RoxibU 
shaft  axportt  for  workini 
oat  actual  aaolleatloni. 


of  electrons  through  the  hollow  elec¬ 
trode  along  its  longitudinal  axis  and 
adjusting  the  velocity  of  the  electrons 
so  that  the  distribution  of  oscillatory 
potentials  along  the  path  of  the  elec¬ 
trode  alters  the  energy  of  the  elec¬ 
trons.  E.  G.  Linder,  RCA.  June  29, 
1939.  No.  2,276,320. 


Daparfmant  E.  10  East  40th  St.,  Naw  York,  N.  Y. 


Aircraft  Radio  Applications 

Drift  Corrector.  Apparatus  for  use 
on  a  -navigable  vehicle  comprising  an 
energy  collecting  means  having  a  nor¬ 
mal  angular  relation  to  the  source  of 
radiated  energy  and  to  the  longitudinal 
axis  of  the  vehicle,  means  for  auto¬ 
matically  keeping  the  vehicle  upon  a 
predetermined  heading,  and  responsive 
to  deviations  of  the  vehicle  from  the 
predetermined  course  for  angularly  dis¬ 
placing  the  collecting  means  from  its 
normal  relationship  to  the  longitudinal 
axis  of  the  vehicle.  C.  J.  Crane  and  R. 
K.  Stout,  Dayton,  Oct.  18,  1939.  No. 
2.280,117. 


Ar«  you  in  a  rush  for  some  duplicated  metal 
parts?  Do  you  have  experimental  work? 
In  many  cases  you  can  make  the  parts  faster 
with  the  "Di-Acro"  System,  and  avoid  en¬ 
tirely  the  expense  and  delay  of  making  dies. 
An  almost  unlimited  va¬ 
riety  of  work  can  be  rap-  _ 

idly  done  by  the  com- 
bined  use  of  3  Di-Acro 
Precision  Units,  —  Shear, 

Writ*  for  Catalog 
New  32-page  catalog  "Metal 
Duplicating  W  it  h  o  u  t  Dies" 
gives  full  details,  shows  many 
parts  which  can  be  made.  a 


Di-Acro  Brake  No.  I  rap¬ 
idly  forms  angles,  chan¬ 
nels,  "Vees".  Folding 
width  4".  Brake  No.  2, 
folding  width,  12".  Ac¬ 
curate  to  .001". 


O'NEIL-iRWIN  MFG.  CO 

321  8th  Ave.  S.  Mianeapolis,  Mian. 


Glide  Path.  Method  of  guiding  air¬ 
craft  along  a  linear  inclined  path  on 
approaching  a  field  for  landing  by 
radiating  from  several  points  on  the 
field  to  define  in  space  the  inclined 
plane  in  which  the  desired  linear  and 
inclined  approach  path  is  located,  pro¬ 
ducing  on  the  aircraft  from  the  visual 
image  of  three  spots  in  the  relative 
relationship  as  viewed  from  the  air¬ 
craft,  of  three  points  in  the  inclined 
plane,  one  point  being  the  desired 
point  of  contact  of  the  desired  approach 
path  with  the  landing  field  and  the 
other  points  being  above  and  symmet¬ 
rically  located  with  respect  to  the  first 
point.  I.  R.  Metcalf,  Research  Corp., 
July  26,  1938.  No.  2,280,126. 


We  Specialize  in  Transformers, 
Reactors,  Filters  lEiectrieti  wavs) 

Jacks,  Plugs  and  Kindred  Items 


Your  Problems  are  Our  Business,  too! 


AUDIO  DEVELOPMENT  COMPANY 

2833  Thirteenth  Avenue  South,  Minneapolis.  Minnesota 
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Capacity  Altimeter.  An  oscillator 
and  a  pair  of  capacitors  connected  to  it 
for  varying  the  amplitude  of  oscillation, 
the  capacky  of  one  condenser  being  a 
function  of  its  altitude  above  ground, 
the  capacity  of  the  other  being  variable. 
F.  H.  Shepard,  Jr,,  RCA,  Nov.  30,  1938. 
No.  2,280,725.  See  also  No.  2,280,109 
on  a  beat  frequency  altimeter,  A.  A. 
Varela.  Washington,  D.  C.,  Apr  7,  1941. 


GENERAL  CONTROL  CO. 

NEW 


CAM  LEVER 
SWITCH 


Guiding  Beacon.  Guiding  an  aircraft 
by  producing  two  overlapping  radiation 
patterns  extending  over  a  plane  in 
phase  opposition  to  one  another  and 
having  a  common  plane  of  polarization 
substantially  intersecting  the  first 


Seven  years  oi  building  cam  lever  switches  de¬ 
veloped  this  new  original  MCL  Switch  featuring: 


5.  New  greater  mechanical  strength 

6.  New  longer  liie  construction 

7.  New  gov't  approved  materials 

8.  New  lower  price 


1.  New  single  bolt  assembly 

2.  New  static  shielding 

3.  New  elimination  of  sliding  friction 

4.  New  all  over  tinned  springs 


Fully  interchangeable  with  your  present  GCL  Switches.  New  catalog  available 
showing  complete  mechanical  and  electrical  speci/cations — Catalog  No.  MCL20 


plane,  receiving  energy  from  the  two 
patterns,  and  comparing  the  receiving 
energy  from  them  to  determine  the 
first  plane.  A.  G.  Kandoian,  Interna¬ 
tional  Tel.  Development  Co.,  Jan.  31, 
1940.  No.  2.280,514. 


lilajoko44i  WanteKi 


^  You  don’t  know  what  the  word  "black” 
^  means  until  you’ve  put  Eldorado  to 

►  the  test!  The  exclusive  Typhonite 

^  process  makes  each  ofthe  17  Eldorado 

►  degrees  perfect,  firm,  opaque... gives 

^  the  intensity  of  blackness  you  want! 

I  Improve  your  blueprints.  Insist  upon 

t  Typhonite  ELDORADO! 

f 

''  I*cncil  Sales  Department  5l>-|o 

Joseph  Dixon  Crucible  Co.,  jersey  City,  N.  J 


Com  mull  ication  Circuits 

Noise  Limiter.  Between  a  source  of 
signals  and  a  receiver  is  connected  a 
non-linear  impedance  acting  as  a  trans¬ 
fer  between  signal  and  receiver.  This 
impedance  is  biased  whereby  the  trans¬ 
fer  means  is  non-conducting  for  signals 
exceeding  predetermined  cut-off  amp¬ 
litudes.  Frequency  selective  circuits 
associated  with  the  non-linear  imped¬ 
ance  vary  the  cut-off  amplitudes  as  a 
function  of  the  signal  frequency. 
Charles  Travis,  Philco.  July  27,  1939. 
No.  2.281.395. 


Alarm  System,  In  a  radio  telephone 
system  for  transmitting  from  a  central 
station  to  a  movable  vehicle  voice  mes¬ 
sages  concerning  how  the  vehicle 
should  be  manipulated,  a  tone  gener¬ 
ator  and  a  microphone  at  the  central 
station,  with  switching  means  so  that 
either  may  be  used.  A  person  on  the 
vehicle  may  detect  from  the  failure  to 
receive  either  the  tone  frequency  or  a 
voice  message  the  fact  that  the  system 
may  be  out  of  order.  V.  C.  Chappell, 
General  Railway  Signal  Co.,  Aug.  21, 
1940.  No.  2.280,420.  See  also  No.  2,280, 
421  to  Chappell. 


depending  on  design  and  priorities. 

Send  us  your  inquiries. 

THOMAS  6l  skinner  STEEL  PRODUCTS  CO. 

1127  E.  23D  ST.  INDIANAPOLIS,  IND 


KLFC.TROMCS 


DECADE 

AMPLIFIER 

MODEL  220 


VoltaRe  BridKe.  In  a  radio  receiver 
in  which  there  is  a  conductive  connec¬ 
tion  between  the  power  lines  and  the 
anode  circuits  of  the  tubes,  a  metal 
housing  or  chassis  supports  the  re¬ 
ceiver  components  and  a  means  is  pro¬ 
vided  for  a  lower  impedance  r-f  path 
between  the  conductive  connection  and 
the  chassis.  Stray  capacitance  between 
the  chassis  and  a  high  potential  r-f  por¬ 
tion  of  the  receiver  causes  undesired 
currents  to  flow  in  the  low  impedance 
path.  An  impedance  between  the  chas¬ 
sis  and  the  r-f  portion  of  the  receiver 
causes  equal  and  opposite  currents  to 
flow  in  the  path,  thereby  preventing  r-f 
voltages  across  the  low  impedance  path. 
E.  C.  Freeland,  Philco.  Nov.  16,  1940. 
No.  2,281,488. 


VARFLEX 


insulating  tubing  and  sleev¬ 
ing  has  been  specified  for 
critical  applications  for 
ticenty  years. 


VARFLEX  pioneered  and  devel¬ 
oped  treated  FIBERGLAS  tub¬ 
ing  and  sleeving. 


VARFLEX  varnished  tubing  has 
always  been  recognized  for  its 
high  quality. 


Relay-  Circuit.  A  rectified  reaction 
tube  circuit  comprising  a  multigrid 
tube,  a  feedback  circuit  and  a  condenser 
in  the  feedback  circuit  for  controlling 
the  relation  between  the  characteristic 
curve  of  anode  current  with  respect  to 
input  to  the  circuit  on  increasing  input 
and  the  characteristic  curve  for  de¬ 
creasing  input.  R.  M.  Kalb,  BTL,  Inc. 
April  26,  194JL„.J^o.  2,281,040. 


A  highly  stable  amplifier 
giving  gains  of  exactly  10 
and  100  times.  Operated 
by  self-contained  batteries. 
Through  the  use  of  special 
circuits  the  gain  is  inde¬ 
pendent  of  battery  voltage, 
circuit  constants  and  tubes 
within  2%  from  10  to 
100,000  cycles.  Particularly 
useful  with  our  Model  300 
Electronic  Voltmeter  to 
increase  its  sensitivity, 
permitting  voltage  meas¬ 
urements  down  to  30  micro¬ 
volts.  Send  for  Bulletin  7. 


SYNTHOLVAR  extruded  electri- 
cal  tubing  is  furnished  in 
proven  and  recognized  formu¬ 
lations. 


VARFLEX  is  the  only  manufac¬ 
turer  with  a  complete  line  of 
insulating  tubing  and  sleeving. 


Voltage  Compensator.  Circuit  for 
compensating  variations  in  voltage  on 


VARFLEX  CORPORATION 


Rome,  N.  Y. 


What  Makes  a 
Mailing  Click? 


an  r-f  oscillator.  R.  E.  Schock,  RCA. 
.August  20,  1938.  No.  2,281,205. 


SENSITIVE  ELECTRONIC 
AC  VOLTMETER 

MODEL  300 


AdT*rt»ing  men  agree  .  .  .  the  liat 
is  more  than  halt  the  story. 
McGraw-Hill  Mailing  Lists,  used  by 
leading  manuiacturers  and  indus¬ 
trial  serrice  organizations,  direct 
your  advertising  and  sales  promo¬ 
tional  efforts  to  key  purchasing 
power. 

In  view  of  present  day  difficulties 
in  maintaining  your  own  mailing 
lists,  this  efficient  personalized 
service  is  particularly  Important  in 
securing  the  comprehensive  market 
coverage  you  need  and  wont.  In¬ 
vestigate  today. 


Relay  Circuit.  In  a  telegraph  system, 
two  lines  with  means  for  impressing 
code  telegraph  signals  on  one  of  the 
lines  and  a  thermionic  repeater  for 
relaying  the  signals  to  the  other  line. 
L.  W,  Franklin,  Western  Union  Tel. 
Co.,  No.  2,280,308,  Dec.  3,  1938. 


Variable  Band-Pass  Receiver.  A 
band-pass  selector  of  adjustable  band¬ 
width  having  a  mean  resonant  fre¬ 
quency  normally  bearing  a  predeter¬ 
mined  relation  to  the  mean  frequency 
of  the  carrier,  the  relation  between  the 
mean  frequencies  being  subject  to  devi¬ 
ations  which  may  be  substantial  as 
compared  with  the  bandwidth  of  the 
signal,  the  selector  initially  having  a 
pass  band  sufficiently  wide  to  include 
the  signal  and  the  deviations,  and  means 
responsive  to  the  mean  frequency  of 
the  carrier  signal  for  reducing  devia¬ 
tions  substantially  to  maintain  said  nor¬ 
mal  predetermined  relation,  and  means 
for  contracting  the  pass  band  of  the  se¬ 
lector  in  response  to  the  translation  of  a 
carrier  signal.  H.  A.  Wheeler,  Hazeltine 
Corp.,  Jan.  23,  1941.  No.  2,280,139. 
See  also  No.  2,280,187  to  N.  P,  Case, 
Hazeltine,  July  10,  1940,  on  a  system 


10  to  150,000  cycles. 

1  millivolt  to  100  volts  in  five 
ranges  (to  1,000  and  10,000 
volts  with  multipliers). 

Logarithmic  voltage  scale. 

AC  operation,  115  volts,  60 
cycles. 

Accurate  and  stable  cal¬ 
ibration. 


lfHo6nAW:Hlir 

[oiHECT  MAIL  LIST  SERVICE 


Ballanti  ne  LaLoratories,  Inc. 

BOONTON  NEW  JERSEY 


McGraw-Hill  Publishing  Co.,  Inc. 

DIRECT  MAIL  DIVISION 
330  West  42nd  St.,  New  York.  N.  Y. 
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■^QUANTITY  PROPUCTION  at  COMPETITIVE  PRICES 


for  receiving:  a  sigrnai  the  amplitude  of  Jq  former  manufacturers  of  Commercial 

which  may  be  less  than  that  of  an  ad¬ 
jacent  undesired  carrier  by  means  of 
an  untunable  broadly-responsive  aux¬ 
iliary  signal-translating:  channel  cou¬ 
pled  to  the  main  channel  and  including 
means  for  limiting  to  a  uniform  prede¬ 
termined  amplitude  level  all  received 
carrier  signals  in  the  vicinity  of  and  in¬ 
cluding  the  desired  carrier  signal  plus 
other  means  selectively  response  to  the 
desired  carrier  signal  for  deriving  the 
carrier  signal  from  the  auxiliary  chan¬ 
nel  and  applying  it  to  the  main  channel 
to  develop  therein  a  desired  carrier  sig¬ 
nal,  the  amplitude  of  which  is  in  excess 
of  that  of  the  undesired  signals. 


IF  you  are  operating  ALL  OUT  on  war  produc¬ 
tion  for  the  Army,  Navy,  Air  and  Signal  Corps, 
Coast  Guard,  Maritime  Service,  etc. 


Ferranti  makes 
TRANSFORMERS 

for  every  IndHStrial  and 
ELECTRONIC  application 

Quality  trantformert  for  every 
industrial,  electronic,  sound, 
communication,  and  labora¬ 
tory  use.  —  Air  cooled  trans¬ 
formers  and  reactors  for  ev¬ 
ery  industrial  application. 
Miniature  aero  transformers 
for  aircraft  and  portable 
work.  —  High  power  plate 
and  filament  transformers.  — 
Solenoids,  relays.  —  Filters, 
equalizers,  modulation  sets 
and  rectifiers  ...  TO  YOUR 
SPECIFICATIONS. 


FERRANTI  ELECTRIC 


with  increased  manufacturing  facilities,  is  in  a 
position  to  make  Prompt  Deliveries. 

Quanfity  Production  on 

Quality  Components  at 

competitive  prices  .... 


Coupling  Circuit.  A  circuit  for  coup¬ 
ling  two  a-c  input  circuits  of  difTereint 
frequencies  to  a  common  output  cir¬ 
cuit,  comprising  elements  which  pre¬ 
sent  a  high  impedance  to  currents  of 
the  frequency  of  the  input  circuit  be- 


IF  YOU  MANUFACTURE 


plies.  Aero  Equipment,  Port¬ 
able  Systems,  Marine  Equip¬ 
ment,  Measuring  Apparatus. 
Communications  Devices. 


Receivers,  Compasses,  Trans¬ 
mitters.  Transceivers,  Fire 
Controls.  Walkie-Talkies,  Test 
Apporatus,  Direction  Finders, 
Filters,  Rectifiers.  Power  Sup- 


Consuff  Ferranti 

FERRANTI  ELECTRIC  INC.,  RCA  BLDG..  HEW  VORK.  H.  V 


tween  the  terminals  of  which  it  is  con¬ 
nected  and  a  low  impedance  to  currents 
of  the  frequency  of  the  input  circuit 
between  the  terminals  of  which  it  is  not 
connected.  C.  D.  Colchester  and  A.  T. 
Starr,  RCA,  Nov.  5.  1940.  No.  2,280.282. 


Sixty  Years  of  Development 


I.oop  Circuits.  The  planes  of  a  pair 
of  loops  of  equal  resistance  and  equal 
signal  voltage  pickup  are  arranged  in 
a  mutually  perpendicular  manner.  Each 
loop  is  tuned  to  a  desired  signal  fre¬ 
quency  and  the  loops  are  reactively 
coupling  loosely  so  that  the  signal  cur¬ 
rent  induced  in  one  of  the  loops  is  in 
quadrature  with  the  signal  current  in¬ 
duced  in  the  other  loop  and  means  for 
applying  the  signal  voltage  developed 
across  one  of  the  loops  between  the 
conti'ol  electrode  and  cathode  of  the 
tube.  R.  A.  Weagant,  RC.4,  -lulv  2, 
1940.  No.  2,280,562. 


Write  for  new  Engineering  Bulletin  on  the  VIBROTEST  J 

.  .  .  the  insulation  testing  instrument  having  an  amazing  ^ 

combination  of  advantages;  (1)  self-contained  power 
source  produces  constant  potential  of  500  volts;  (2)  com-  ^ 
pact,  readily  portable;  (3)  easily  read  scale  showing 
Ohms  and  Meghoms  also,  A.C.  and  D.C.  volts;  (4)  in- 
genious  circuit  design  with  standardization  of  synchro- 
nous  vibrator;  (5)  can  be  operated  with  one  hand,  level  ^ 
or  at  an  angle.  New  Bulletin  -generously  illustrated — 
gives  specifications,  uses,  prices.  Write  for  it  today. 

ASSOCIATED  RESEARCH,  INCORPORATED 

437  SOUTH  DEARBORN  STREET  e  CHICAGO.  ILL. 


VIDROTEST 


Static  Eliminator.  Method  of  elimin¬ 
ating  r-f  disturbances  while  maintain¬ 
ing  desired  signal  energy,  including  an 
antenna  system  and  a  counterpoise  and 
coil  connected  to  each  with  a  movable 


WAXES  •  COMPOUNDS  for 

ELECTRICAL  INSULATION 


Zophar  offers  prompt  service  on  Insuleting  Compounds  for 
e  wide  variety  of  electrical  applications,  including: 

.  .  .  insulation  for  CONDENSERS.  TRANSFORMERS,  COILS,  po««r 
packs,  pot  heads,  sockets,  wiring  devices,  wqt  and  dry  batteries,  etc. 
Also  WAX  SATURATORS  for  braided  wire  and  tape.  WAXES  for 
radio  parts. 

Special  compounds  made  to  your  order. 


ZOPHAR  MILLS  INC 


phase  shifting  coil  connected  to  the 
counterpoi.se.  The  currents  in  the 
counterpoise  are  transmitted  to  ground 
through  a  variable  resistor.  Samuel 
Whisk,  Brooklyn,  N,  Y.  October  6,  1941. 
No.  2.280,461.' 


Brooklyn,  N.  Y. 

FOUNDED  1846 


KLECTRONICS 


Piezo  Circuit.  A  network  for  pro¬ 
ducing  exaggeration  of  the  carrier  with 
respect  to  the  modulation  side  bands 
comprising  a  parallel  resonant  circuit 
tuned  to  the  carrier  frequency  and  ar¬ 
ranged  between  cathode  and  a  ground. 
The  circuit  is  of  low  resistance  and  a 
piezo  crystal  is  connected  in  shunt  with 


Ferris  Instruments 

for  RESEARCH  •  DESIGN 
AND  PRODUCTION 


•  Manufacturers  of 


ULTRA  HIGH  FREQUENCY 
SIGNAL  GENERATORS 


it  and  tuned  to  the  carrier  frequency. 
Degeneration  is  applied  so  that  the 
amplitudes  of  the  side  band  compon¬ 
ents  are  decreased  uniformly  with  re¬ 
spect  to  the  carrier  frequency.  W.  vB. 
Roberts,  RCA,  Jan.  7,  1939.  No.  2,280,- 
605. 


STANDARD  SIGNAL  GENERATORS 


CRYSTAL  CONTROLLED 
SIGNAL  GENERATORS 


RADIO  NOISE  METERS 


Automatic  Selectivity  Control.  In  a 
superheterodyne,  means  for  automati¬ 
cally  adjusting  the  degree  of  selectivity 
of  the  i-f  circuit  including  a  device 
which  is  responsive  to  energy  of  a  fre¬ 
quency  equal  to  the  difference  between 
the  i-f  and  the  signal  energy  repre¬ 
sentative  of  an  undesired  adjacent  chan¬ 
nel  frequency.  Julius  Weinberger,  RCA, 
Nov.  25,  1935.  No.  2,280,563. 


MICROVOLTERS* 


Writ*  for  catalog  E-4;  lllostratos  and  gives  eomploto  efataiis 
aad  spociHeafloHs  for  fko  eomploto  lino  of  Ferris  lostrumoots. 


Ferris  Instrument  Corporation 


Boonton 


N«w  Jersey 


Frequency  Modulation.  The  following 
patents  relate  to  various  aspects  of 
frequency  modulation:  No.  2,280,569 
on  a  detector  circuit  passing  waves 
of  carrier  frequency  with  maximum  in¬ 
tensity,  and  attenuating  waves  of  lesser 
and  greater  frequency  as  a  function 
of  their  frequency  spacing  from  the 
carrier  frequency,  and  combining  the 
total  wave  energy  to  produce  a  result¬ 
ant  wave  of  varying  amplitude  and  con¬ 
stant  frequency.  W.  G.  Crosby,  RCA. 
No.  2,280,570,  also  to  Crosby,  refers  to 
a  system  for  receiving  f-m  signals  by  a 
double  channel  system,  one  channel 
passing  a  wide  band  and  the  other  a 
narrow  band  with  means  for  varying 
the  bandwidth  of  the  system.  No. 
2,280,530  to  G.  Mountjoy,  RCA,  July  17, 
1940,  is  on  a  detector  for  f-m  waves 
comprising  a  pair  of  rectifiers,  each 
rectifier  having  a  resonant  input  cir¬ 
cuit  and  an  audio  output  circuit,  the 
input  tuned  circuits  being  oppositely 
and  equally  mistuned  with  respect  to 
the  center  frequency  of  the  modulated 
waves.  The  output  circuits  are  ar¬ 
ranged  in  phase  opposition,  and  the 
inputs  are  arranged  in  series  with  each 
other  and  with  the  rectifiers.  The  tuned 
circuits  are  connected  by  capacity  to 
the  rectifiers  and  the  individual  tuned 
circuits  are  sufficiently  coupled  to¬ 
gether  magnetically  to  cancel  out  the 
effect  of  the  capacity  coupling.  No. 
2,280,822  to  C.  W.  Hansell,  RCA,  July 
1,  1938,  on  a  relaying  system.  A 
repeater  comprising  an  oscillator  and 
an  amplifier  excited  by  the  oscillator 
has  means  for  holding  by  the  ampli¬ 
fier  the  oscillator  frequency  equal 
to  the  frequency  of  the  repeated  cir¬ 
cuits.  No.  2,280,707  to  R.  D.  Kell,  RC.\, 


TAYLOR  ^ 

LAMINATED  PLASTICS 

Vulcanized  Fibre  *  Phenol  Fibre 


SHEETS,  RODS,  TUBES,  FABRICATED  PARTS 


TAYLOR  FIBRE  COMPANY 

Norrittown,  Pennsylvania 


ime 


non 


i  11(1  urit rial  sound  systems  save  eountless  hours  of  precious  time. 
-Any  man  —  anywhere  in  your  plant  —  can  be  located  in  a  second.  An 
important  message  can  be  sent  to  all  the  workers  while  j>rodiietion  continues 
at  to|»  spet*d.  Air  raid  and  lire  alarms  can  he  issinnl  automatically  — 
iiistantlv. 


today — and  Bogen  systems  can  save  it  for  you.  Let  m 


TWI  STANOARD  O;  PtfPORIAANCt 


DAVID  BOGEN  CO.,  Inc. 

663  Broadway,  New  York  City 


$91*0  Sound  Sifttuu 
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DEFENSE  REQUIREMENTS 

ELECTRICAL 
COIL  WINDINGS 

&  TRANSFORMERS 

Designed  to  meet  specific  require¬ 
ments  or  to  yonr  specification. 


COIL  WINDINGS 

ELECTROMAGNETS 

SOLENOIDS 

COIL  ASSEMBLIES 


PAPER  INTER-LAYER  SECTION 
BOBBIN  WOUND 
FORM  WOUND 


Equipped  for  vacuum  and  pres¬ 
sure  impregnation  —  varnish  or 
compound. 


i4n  experienced  organization  at 
your  zervice  prepared  to  atzizt  in 
design  or  cooperate  on  pro*''  ms. 

DINION  COIL  COMPANY 

P.O.  BOX  D  CALEDONIA.  N.  Y. 


Argon 

HELIUM 

Krypton 

Neon 

Xenon 

MIXTURES 

.  .  .  Spectroscopically  Pure 
.  .  .  Easily  removed  from  hulh 
without  contamination 

Scientific  uses  for  Linde  rare  gases  include — 

1.  The  study  of  electrical  discharges. 

2.  Work  with  rectifying  and  stroboscopic 
devices. 

3.  Metallurgical  research. 

4.  Work  with  inert  atmospheres,  where  heat 
ct)nduction  must  be  increased  or  decreased. 

Many  standard  mixtures  are  available. 
Special  mixtures  for  experimental  purposes 
can  be  supplied  upon  request. 

The  word  "Linde"  is  a  trade-mark  of 


THE  LINDE  AIR  PRODUCTS  COMPANY 

Unit  of  Union  Carbide  and  Carbon  Corporation 
t.  42d  St.,  New  York  Offiem  in  Pnnnpal  Cilirs 

In  CATHida:  Domtnion  Oxygen  Company,  Ltd.,  Toronicr 


May  31,  1940,  on  a  method  of  producing 
frequency  modulation  by  generating 
frequency  stabilized  waves  and  apply¬ 
ing  a  portion  of  the  waves  to  establish 
saw-tooth  waves  which  are  combined 
with  the  desired  modulation  to  produce 
pulses  having  an  amplitude  and  a 
width  corresponding  to  the  modulation. 
The  amplitudes  of  the  pulses  are  lim¬ 
ited  to  derive  currents  of  square  wave 
form,  and  the  square  waves  are  differ¬ 
entiated  to  form  a  series  of  pulses 
having  a  spacing  corresponding  to  the 
modulation.  These  pulses  produce 
waves  of  substantially  constant  mid-  i 
frequency  and  an  extreme  frequency  ; 
corresponding  to  the  applied  modula¬ 
tion.  No.  2,280,607  to  W.  vB.  Roberts,  , 
RCA,  Aug.  29,  1940,  on  an  f-m  receiver  ; 
tuning  indicator.  A  direct  voltage  J 
component  is  produced  in  a  discrimin¬ 
ator  network  which  is  zero  upon  accu¬ 
rate  adjustment  of  the  tuning  to  the 
desired  station.  This  direct  current  is 
used  to  provide  a  visual  indication,  the 
amount  of  which  can  be  varied.  No. 
2,280,545  to  R.  E.  Schock,  RCA,  June 
18,  1940,  on  a  frequency  modulating 
detector  comprising  two  rectifiers  on 
each  side  of  a  push-pull  circuit. 


Automobile  Radio  System.  A  remov-  ' 
j  able  self-contained  radio  receiver  in- 
;  eluding  a  storage  battery  and  means  for  i 
j  electrically  connecting  the  set  in  the 
j  circuit  with  the  car  generator  to  cause 
,  both  the  set  battery  and  the  vehicle  i 
i  battery  to  receive  charging  current 
I  when  the  engine  is  running.  A  switch 
j  forms  part  of  the  set  and  is  removable 
I  with  it  to  permit  charging  current  to  ! 
flow  to  the  set  battery  but  not  in  a  i 
reverse  direction.  D.  J.  Barrett  and  1 
I  L.  G.  Pacent,  Sept.  11,  1940.  No.  2,280,-  i 
465. 


Wide  Band  .Amplifier.  An  amplifier 
for  producing  uniform  ratio  between  in¬ 
put  current  and  output  voltage  and 
having  resistance  and  capacity  in  shunt 
with  the  input  to  which  the  current  is 
supplied.  The  current  has  frequencies 
extending  over  a  wide  band  and  having 
intensities  only  slightly  above  the  noise 
level.  In  the  intermediate  frequency 
portion  of  the  band  above  the  carrier  of 
the  most  intense  noise  the  currents  are 
attenuated  without  changing  the  char¬ 
acteristic  relation  between  intensity  of 
voltage  on  the  resistance  and  capacity 
and  the  frequency  in  the  high  fre¬ 
quency  portion  of  the  band.  At  a  later 
stage  of  the  amplifier  low  frequency 
currents  are  attenuated  to  produce 
uniform  amplification  at  all  frequen¬ 
cies  below  said  high  frequency  por¬ 
tion  and  thereafter  accentuating  volt¬ 
ages  in  the  high  frequency  portion 
of  the  band  by  an  amount  sufficient  to 
overcome  the  attenuation  produced  by 
the  shunt  resistance  and  capacity, 
said  accentuation  occurring  at  a  point 
in  the  amplifier  subsequent  to  a  stage 
following  the  point  where  the  low  fre¬ 
quency  accentuation  occurs  to  avoid 
overloading  the  last  stage  with  cur¬ 
rents  to  be  attenuated.  D.  E.  Norgaard, 
G.E.  Co.,  May  1,  1941.  No.  2,280,532. 


CARBONYL 
IRON  POWDER 


Manufactured  by 
GENERAL 
ANILINE  WORKS 
435  Hudson  Street., 
N.Y.C. 


SETTING 
A  NEW  HIGH 

IN 

IRON  CORE 
PERFORMANCE 

Available  in  three 
types,  G.A.W.  Car¬ 
bonyl  Powder  —  com¬ 
bining  high  effective 
permeability  and 
highest  Q  value — is  of 
increasing  impor¬ 
tance  to  leading  core 
manufacturers  sup¬ 
plying  the  carrier  and 
high  frequency  fields 
where  the  highest  effi¬ 
ciency  is  required. 

Write  for  further 
information 


Distributor  of  G  A  W 
Carbonyl  Iron  Powder: 


•  ‘  /lityA/vcf  •  • 

Solve  MTS  C  ChCMICAI  CoftPOSAttOi 
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ITS 


METAL 


Industrial  Applications 

Temperature  Control  Apparatus.  A 
Wheatstone  bridge  made  up  of  negative 
and  positive  temperature  resistance 
elements  with  a  d-c  amplifier  across 
the  bridge  balance  point  which  controls 
a  heating  element  to  raise  the  tempera¬ 
ture  in  a  chamber.  V.  B.  Bagnall, 
AT&T  Co.  Aug.  15,  1940.  No.  2,278,633. 


SHIELDED 


Printing  Press  Control.  A  photoelec¬ 
tric  registering  system.  Hermann  Kott, 


PAT.  2066201 


ha\e  consistcnlly  (•iontfred  the  major  advaiice.s 
in  rrcording-dist-  (-onvt-nience,  utility  and  per¬ 
formance.  Here  is  the  unparalleled  record. 


Adds 

Support 


Easily 

Formed 


to  Speedry  Gravure  Corp.  June  2,  1938, 
No.  2,278,933. 


Protects 


Lightweight 


witli  a  Indy  flawless  surface  —  free  from 
waves,  swirls  anil  lliick-anil-lhin  spots. 


Recording  Apparatus 

Magnetron  Receiver.  Method  of  us¬ 
ing  a  magnetron  in  a  superregenerative 
circuit  by  varying  the  shunt  impedance 


rmsr 


provide  uitra-high-fre 
cliaraeteriMieii  for  perfect  lifelike 
duelion.  ^ 


ELIMINATES  ELECTRICAL 
INTERFERENCE.  MOISTURE,  ETC. 

tat  ut  to/aa  j>oar 
ShiMing  Prehltmt 


msT 


Hitli  engiiieeretl  thread-action  t«i  I 
ctTecti\r  contnd  under  an>  !»\<*lciii. 


mST 


with  gla^n^haiM’  recortling  blanks 
niiniini  Xudiodiscti  **wrnt  to  war' 


IN  THESE  TRYING  DAYS 
YOU  CAN 


FiUST 


FIRST 


with  all  three  dri\r-pin  |i 
!iiniultaneous|y  eliininati 
breakage  hazard**. 


of  a  transmission  line  at  a  voltage  loop 
at  a  quench  frequency.  R,  A.  Braden, 
RCA.  Feb.  29,  1940.  No.  2,277,841. 


FIRST 


with  Safety  Csarton«  for  rohip- 
ihle  glaft>-haM‘  Audiodisc  rettird- 


Sound  Film  Recording.  Two  patents. 
Nos.  2,274,529  and  2,274,530,  to  M.  E. 
Collins,  RCA,  the  first  comprising 
means  for  continuously  projecting  a 
light  beam  on  a  motion  picture  film 
with  a  means  to  overmodulate  a  gal¬ 
vanometer  to  eliminate  light  beam 
from  film,  means  for  advancing  the 
film,  a  second  light  source  and  means 
for  periodically  projecting  the  second 
light  source  on  the  film.  The  over¬ 
modulating  means  eliminates  the  first 
light  beam  during  the  advancement  of 
a  predetermined  length  of  film,  this 
length  of  film  having  images  thereon 
made  by  the  second  light  source.  The 
second  patent  involves  intercepting  a 
certain  frequency  portion  of  a  light 
beam  and  utilizing  this  portion  to 
maintain  the  total  light  of  the  beam  at 
a  constant  intensity. 

Sound  Film  Projector.  Mechanical 
equipment  for  moving  sound  film  for 
television  scanning.  C.  F.  Mattke  and 
R.  V.  Terry,  BTL,  Inc.  Jan.  10,  1941. 
No.  2,275,540. 


FIRST 


...  now  more  than  ever, 
the  radio  industry  is  looking  to 
us  for  Ports  and  Electronic  Equip¬ 
ment.  The  reason  for  this  lies  in 
our  ability  to  supply  much 
needed  material  with  utmost 
speed  and  maximum  efficiency; 

The  largest  stock  in  our  his¬ 
tory  is  ovailfijsle  to  manufactur¬ 
ers,  Government  Agencies,  and 
other  organizations  engaged  in 
war  work. 

In  other  words.  You  Can  De¬ 
pend  on  Terminal  —  YourvMost 
Reliable  Source  of  Supply! 


to  pro\idc  '^ppcial  r(''U^al>h'  w4hmI  raH*** 
'‘hipping  and  **toring.  with  full  prolof* 
against  4lu^t  and  damage. 


FIRST 


eoinplele  line  of  blank 
of  Au4liiufiM>  meet  all  rer«»rdin; 


FIRST 


fiRST  IN  THE  MINDS  OF 
RECORDING  ENGINEERS 


RED  LABEL  •  YELLOW  LABEL  •  BLUE 
LABEL  •  MASTERS  •  REFERENCE 


Call  your  jobber — or  wrile  for 
free  folder,  ” Audiotliscs" 
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Telautograph  System.  An  electro¬ 
static  capacity  at  the  receiver  is  varied 
as  the  scribing  point  of  the  receiver 
moves  in  one  direction  of  a  coordinate 
system,  and  means  at  the  receiver  for 
establishing  the  frequency  of  an  alter¬ 
nating  current  by  the  capacity.  Under 


TIME-TESTED 


ELECTRICAL  REMOTE  CONTROL 
APPLICATIONS 


Designed  and  made  by  the  originators  of 
the  dial  telephone  system,  the  Automatic 
Electric’s  Class  A  "telephone  type”  relay 
has  been  used  as  standard  in  that  service 
for  a  generation.  And  because  the  Class 
A  relay  has  proved  so  dependable  and 
durable,  it  is  now  providing  these  ad¬ 
vantages  in  hundreds  of  industrial  prod¬ 
ucts  important  to  the  war  program. 


STMTfOti 


Only  one  of  the  scores  of  electrical  con¬ 
trol  devices  offered  by  Automatic  Electric, 
the  Class  A  relay  can  be  supplied  in  a 
limitless  variety  of  contact  and  coil  com¬ 
binations —  for  d-c  or  a-c  operation,  slow 
acting  or  quick  acting,  and  with  almost 
any  desired  contact  load  capacity. 

If  you  are  engaged  in  war  production, 
write  for  a  copy  of  our  new  catalog  407 1-C. 


the  control  of  this  variable  frequency  a 
force  for  changing  the  capacity  which 
is  proportional  to  the  instantaneous  dif¬ 
ference  of  a  variable-frequency  current 
from  a  transmitter  and  the  frequency 
of  alternating  current  established  at 
the  receiver.  V.  E.  Rosene,  BTL,  Inc. 
Nov.  15,  1939.  No.  2,274,638. 


AMERICAN  AUTOMATIC  ELECTRIC  SALES  COMPANY 
1033  W.  Van  Buren  Street,  Chicago,  III. 


Sound  Record.  A  negative  sound  film 
record  is  made  on  film  and  is  then 
treated  with  a  light  sensitive  dye.  The 
dye  in  the  areas  not  occupied  by  the 
sound  wave  envelope  is  then  removed. 
E.  W.  Kellogg,  RCA.  Aug.  20,  1940. 
No.  2,268,752. 


.Microfacsimile  System.  Producing  a 
series  of  picture  signals  from  subject 
matter  moved  through  the  transmitter 
at  a  uniformly  relatively  slow  rate, 
means  for  producing  horizontal  and 
vertical  synchronizing  signals  and 
means  for  rapidly  and  cyclically  scan¬ 
ning  substantially  each  element  of  the 
subject  matter  to  be  transmitted  at  a 
relatively  rapid  rate  in  bi-dimensional 
directions  so  that  each  element  of  the 
subject  matter  is  scanned  a  relatively 
large  number  of  times  during  its  pas¬ 
sage  through  the  transmitter  to  pro¬ 
duce  a  series  of  picture  signals,  and  for 
projecting  the  produced  light  images 
on  a  recording  medium  in  minified  form. 
.4.  N.  Goldsmith,  RCA.  Aug.  22,  1939. 
No.  2,275,898. 


You  can  write  this  ad 


Transmission  System.  Method  of 
eliminating  spurious  additions  to  radio 


Set  down,  if  you  will,  all  the  qualities  you  would  like  in  an  instantaneous  record¬ 
ing  blank.  .  .  .  Make  no  compromise  with  quality.  .  .  .  We  have  an  idea  that 
you  will  find  these  exact  things  in  the  new 


ADVANCE  GLASS  BASE 

INSTANTANEOUS  RECORDING  BLANKS 


STillwell  4-7837 


ADVANCE  REC0RDIN6  PRODUCTS  CO 

36-12  34th  STREET  LONG  ISLAND  CITY,  N.  1 


signals.  D.  R.  Goodard,  RCA,  April  16, 
1940.  No.  2,274,829. 
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FOR  ASSEMBLY  WORK 

the  KNURLED  heads 

i  make  a 

DIFFERENCE 


When  production  is  rushed,  you'll  find  the 
knurled  heads  mean  speedier  assembly.  Fingers 
grip 


KNURLED  SOCKET  HEAD  CAP  SCREWS 


r  without  slipping  so  the  screws  can  be  turned  faster  and  farther 

before  a  wrench  is  needed.  Knurled  heads  give  better  appear¬ 
ance  to  finished  product.  These  features  at  no  extra  cost.  Sizes 
#4  to  11/2"  dia. 

Where  Ordinary  Set  Screws  fail  to  hold 

'ith  the  knurled 


.  .  .  apply  "Unbrako"  Self-Locking  Hollow  Set  Screws 
points.  Whan  tightened  as  usual,  they  dig  in  and  stay  put  despite  all 
vibration.  Easy  to  remove  and  can  be  re-used.  Send  for  Catalog  5S8. 


JENKINTOWN,  PENNA.  BOX  S96 
- BRANCHES - 

BOSTON  •  DETROIT  •INDIANAPOLIS  •  CHICAOO  •  ST.  LOUIS  •  SAN  FRANCISCO 


type  65X  changes. 

..  I  STANDARD  RANGE 

1000  ohms  to  10  megohms. 

OR  bolletih  3T  noise  tested 

.rTRIlS  slight  additional  cost,  resistors  ir 

PULL  util*  •*  Standard  Range  are  supplied  with  each 

•II  s.mfions  of  fl**  **1  .  fof  noise  tested  to  the  following  stem 

'  I  S  s.  V/Wfn  "For  tho  complote  audio  frequ( 

‘  ®  1  q',yet  details  about  range,  resistors  shall  hove  less  r 

(Timensions,  j  ^bon  corresponds  to  a  change  of 

lu  *D  Ve  List  will  be  mailed  slstonce  of  1  port  in  1 ,000,000." 

,%nl.  fV  u,«u  w  *  , 


Actual  She 

Other  type*  "''‘’'I 
the  lower  vol 


The  S.  S.  White  Dental  Mig.  Co. 


Department  R,  10  Eait  48th  St.,  New  York,  N.  Y. 


I  Monitoring  System.  Means  for  ob¬ 
taining  a  penumbra  shadow  light  beam 
from  a  source  and  for  projecting  this 
shadow  through  an  optical  system  to  a 
motion  picture  film  with  means  for  vi¬ 
brating  this  shadow  in  accordance  with 
a  signal  to  be  recorded.  Simultaneously 
a  second  light  beam  is  obtained  from 
the  source  coaxially  with  the  optical 
axis  of  the  optical  system  for  the  ob- 
j  servation  of  the  condition  and  position 
i  of  the  incandescent  element  which  pro- 
I  vides  the  light  for  the  penumbra 
shadow.  M.  T.  Schomacker,  RCA.  Sept. 
1,  1939.  No.  2,270,350.  See  also  No. 

I  2,270,247  to  C.  N.  Batsel  dealing  with 
I  the  production  of  beams  of  a  predeter¬ 
mined  shape,  the  light  forming  means 
providing  a  linear  relationship  between 
the  amplitude  of  the  sound  waves  and 
the  amount  of  said  beam  passing  to  the 
film  over  a  range  of  signal  amplitudes 
^  of  the  sound  waves  corresponding  to  80 
I  percent  of  the  film  range  and  a  non-lin¬ 
ear  relationship  between  the  amplitude 
of  the  sound  waves  and  the  amount  of 
beam  passing  to  the  film  over  a  higher 
I  range  of  amplitudes  of  the  sound  waves, 
this  higher  range  being  recorded  in 
the  remaining  20  percent  of  film  range. 

I  Sound  Recording  System.  A  movable 
armature  actuates  the  mirror  which 
j  vibrates  a  beam  of  light  with  respect  to 
;  a  film  and  surrounding  this  armature 
I  is  an  inductance  with  the  means  for 
impressing  currents  having  varying 
amplitudes  and  frequencies  on  the  in¬ 
ductance  for  moving  the  armature  and 
the  mirror  and  another  inductance 
mounted  on  the  armature  having  volt¬ 
ages  generated  in  it  directly  propor¬ 
tional  to  the  movements  of  the  arma¬ 
ture  and  the  mirror.  W.  V.  Wolfe,  RCA. 
May  31,  1939.  No.  2,270,367. 


ANTENNA  SYSTEMS 

Vehicle  Antenna.  A  self-contained 
resonant  antenna  utilizing  a  continuous 
portion  of  the  structure  of  the  vehicle 
as  the  antenna  for  operation  at  fre¬ 
quencies  substantially  independent  of 
the  equivalent  electrical  length  of  the 
portion  of  the  structure  utilized,  con¬ 
taining  a  reactance  adjacent  to  one  end 
of  the  vehicle  structure  and  electrically 
exposed  to  space  at  least  in  part,  the 
reactance  having  a  value  such  that  the 
equivalent  electrical  length  of  the  sys¬ 
tem  is  substantially  equal  to  an  even 
number  of  quarter-wavelengths  of  the 
desired  operating  frequency.  Malcolm 
Bruce,  Plymouth,  Mass.  March  21,  1941. 
No.  2,279,130. 

Directive  Antenna.  A  conductor  po¬ 
sitioned  at  an  angle  greater  than  zero 
degrees  and  less  than  90  degrees  to  a 
frame  perpendicularly  related  to  the 
path  of  propagation  of  a  wave  and 
having  a  length  substantially  equal  to 
a  half  wavelength  of  the  desired  wave 
plus  the  projection  of  the  antenna  on 
the  path  of  the  propagated  wave.  Ed¬ 
mund  Bruce,  B.  T.  L.  Inc.  Feb.  28,  1933. 
Re-issue  No.  22,051. 
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#  SEARCHLIGHT  SECTION 


Wanted 

ENGINEERS  (2) 

Connecticut  war  production  manufacturer  needs  two  engi¬ 
neers  for  permanent  positions  with  following  qualifications; 

MECHANICAL  ENGINEER 

With  several  years'  experience  in  manufacture  of  small 
precision  parts;  must  be  familiar  with  precise  measuring 
equipment  for  quality  control;  knowledge  of  physical  mate¬ 
rials  testing  and  writing  of  material  specifications  desirable. 

DESIGNER 

Graduate  M,  E.  or  E.  E.  with  experience  in  small  electro¬ 
mechanical  and  magnetic  devices  as  applied  to  communica¬ 
tion  equipment;  knowledge  of  application  of  plastics  desir¬ 
able. 

State  full  particulars  of  education,  experience  and  salary 
expected  in  first  letter.  Must  be  U.  S.  citizen.  Our  engineer¬ 
ing  staff  knows  of  this  advertisement.  Write  Chief  Engineer, 

P-334  Electronics 

330  West  42  St.,  New  York  City 


ENGINEEB  DESIGNER  WANTED 


A  client  oi  ours  —  a  long-established 
leader  in  his  held  —  needs  an  electro¬ 
mechanical  engineer  qualified  to  handle 
development  and  design  work  on  re- 
loTS,  timers  and  solenoids,  and  who  has 
had  practical  production  experience. 

This  is  not  a  temporary  "Job."  It  is  a 
position  which,  because  it  has  been  cre¬ 
ated  lor  the  purpose  of  looking  to  our 
client's  future,  should  prove  equally  im¬ 
portant  to  the  future  of  the  man  who 
can  fill  it. 

Proved  design  ability,  based  on  a 
practical  approach  to  the  manufactur¬ 


ing  problems  involved,  is  oi  paramount 
importance.  To  the  right  man  are  of¬ 
fered  free  reign  to  initiative  and  ample 
opportunity  for  future  development. 

The  company  is  located  in  Eastern 
Pennsylvania,  does  well  over  a  million 
dollars  annual  volume,  and  will  stand 
rigid  investigation  from  any  angle.  All 
oi  its  employes  who  might  be  interested 
know  oi  this  advertisement. 

If  you  feel  that  you  can  1:11  the  posi¬ 
tion,  we  suggest  that  you  write  us  in 
detail.  Correspondence  will  be  treated 
with  strictest  confidence. 


THE  HARRY  P.  BRIDGE  CO..  Advertising  Counsellors 
1324  Walnut  St.,  Box  12  Philadelphia,  Pa. 


SEARCHLIGHT 

SECTION 

(Classified  Adverfising) 

EMPLOYMENT  •  BUSINESS 
EQUIPMENT— USED  OR  RESALE 

OPPORTUNITIES 

RATES 

UNDISPLAYED:  10  Cant*  a  Word;  Min.  $2. 
DISPLAYED:  $6.50  par  inch. 

Contract  ratal  on  raquait. 


FOR  SALE— TRANSMITTER 

I  Vsrd  as  500  watt  experimental  Television  Trans- 
I  mission-  Can  be  easily  mrHiifled  as  1000  watt 
s  broadcast  transmitter  (output  niiw  uses  4—833 
I  tubes).  Kxcellent  condition.  Complete  with  power 
i  supply  tubes,  meters,  etc.  Also  other  eiiuipment — 
I  four  Italrd  (British)  Klectron  Multipliers,  Cathode 
I  Ray  Tubes — Transformers,  etc.  Offers  to 

I  P'S-SI7.  Electronlos,  330  \V.  42  Ht.,  N.  Y. 


i»epe:\i»able 


:  I' serf 

i  ELECTROMC  Tl  BE  EQl  IPMENT 

I  Complete  line  of  used  eiiuipment  for  the  maniifac- 
i  ture  of  Itadui  Tubes,  Neon  Tubes.  Incamlescent 
I  l.«mps.  etc.  Write  for  Bulletin  showing  S.")  to  TOot 


C.VI.I.ITE  Tl  X41STKN  I'ORPOR.VTION 
formerly  Eislar  Electric  Corp. 

534  39th  Street.  Union  City.  N.  J. 

HMHIHttMtlttMMIIIMIIMHIKItMHIIIIIMIIMIIMtdMIllllTtMMIIIIItMIMItlMMMHOIM 


r . . . 

I  For  sale  about  SO  small  mechanical 
I  compound  vacuum  oil  pumps  —  price 
I  $66.00  each. 

I  10  larger  size  pumps  —  $95.00  each. 

1  All  pumps  brand  new  and 

I  will  pull  to  one  m'eron. 

Tube  Light  Engineering  Co. 

1 . 427,  West  42^  . 


POSITION  VACANT 


RECENT  ELECTRICAL  ENGINEERING  Grad¬ 
uates  for  test  and  installation  of  precision 
electro-mechanical  ordnance  apparatus.  Posi¬ 
tion  requires  men  with  training  and  preferably 
some  experience  in  the  communications  and 
electronics  field.  Location  is  in  Metropolitan 
N.  J.  Area.  In  reply,  state  age,  education,  ex¬ 
perience  and  when  available.  P-337.  Elec- 
♦ronics,  330  W.  42nd  St.,  New  York.  N.  Y. 


POSITIONS  WANTED 


RAX)IO  PATENT  EXPERT  and  Electrical  de¬ 
signer,  proven  merit.  My  designs  have  largest 
sales  value  of  any  advertised.  R.  G.  Evans,  3945 
Second.  Detroit,  Mich. 


ELECTRONIC  ENGINEER  ( E.  E.  and  Physi¬ 
cist)  highly  experienced  and  capable,  excel¬ 
lent  background,  numerous  patents  and 
achievements,  many  years  connected  with 
large  concern,  development,  design,  research,, 
wants  adequate  position.  PW-336,  Electronics, 
330  W.  42nd  St..  New  York,  N.  Y. 


WANTED 


REWARD  FOR  INFRI.NGE.MENT  PROOF. 

Patent  2,107.135  covering  "Distortion  Neu¬ 
tralization"  being  infringed.  50%  reward  on 
net  back  royalties,  plus  10%  on  future  collec¬ 
tions  thereon.  Reply  guaranteed  confidential. 
Attention  Waiter  Steffa,  Attorney.  c,'o  Wilson 
Electrical  Development  Co.,  154  W.  Erie  St., 
Chicago. 


USED  RECORDING  EQUIP.MENT.  High  Qual¬ 
ity;  Complete  Assembly  or  Individual  Com¬ 
ponents  ('Turntables,  Feedscrews,  etc.).  47 
Oakview  Drive.  Sta.  "C”.  Dayton,  Ohio. 


WANTED 


FEMALE 


Mechanical  and  Electrical  Engineers 
needed  by  well  known  large  manufac¬ 
turer  of  radio  and  communication  appa¬ 
ratus.  Fine  opportunity  in  established 
engineering  group  for  qualified  candi¬ 
dates.  Openings  in  physical  and  elec¬ 
trical  laboratories  on  technical  and  spe¬ 
cial  engineering  tests,  work  on  filters, 
equalizers,  amplifiers  and  test  set  de¬ 
signs  requiring  good  knowledge  of  fun¬ 
damental  circuits  and  electronics;  also 
planning  for  manufacture  of  product, 
analysis  of  parts,  machine  and  tool  fa¬ 
cilities.  and  preparation  of  manufactur¬ 
ing  layouts. 

Require  engineering  graduates  of  high 
standing  from  accredited  engineering  col¬ 
leges;  also  will  consider  outstanding 
candidates  with  A.B.  degree  in  mathe¬ 
matics  and  physics.  Expierience  desir¬ 
able  but  not  necessary  if  recent  grad¬ 
uate. 

Write  stating  age,  education,  experi¬ 
ence,  place  of  birth,  attach  snapshot 
(not  returnable).  Box  655  Suite  1800. 
Times  Building.  New  York. 


BEST  QUALITY,  USED 
ELECTRON  TUBE  MACHINERY 

Equipment  for  the  manufacture  of  all  kincLs  of  | 
electron  tubes,  radio  tubes,  )ncan(Iescent  lamps.  | 
neon  tubes,  photo  electric  cells.  X-ray  tubes,  etc.  | 

AMERICAN  ELECIRICAL  SALES  CO..  INC.  \ 


I  65-67  East  8th  St. 


New  York.  N.  Y. 


NOTICE 


OLD  TRANSMiniNG  TUBES  ARE  VALUABLE 

Let  u*  help  solve  your  tube  problem.  We 
can  rebuild  most  any  tube  from  250  watts 
to  20  K.W. 

Freeland  &  Oischner 


922  Howard  Ave. 


New  Orleans,  La. 
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Antenna  Coupling  System.  Coupling 
an  antenna  to  a  coaxial  caftda'  character- . 
ized  by  the  fact  that  the  antenna  is 
formed  by  a  conductor  immersed  in  a 
tubular  end  portion  of  the  inner  con¬ 
ductor  of  the  cable  and  protruding  to 
such  an  extent  beyond  the  end  of  the 
cable  so  that  the  ohmic  series  compo¬ 
nent  of  the  antenna  impedance  at  the 
entrance  of  the  cable  is  equal  to  the 
wave  resistance  of  the  cable.  The  en¬ 
ergy  line  formed  by  the  inner  conductor 
and  the  part  of  the  antenna  conductor 
which  is  immersed  in  the  inner  con¬ 
ductor  is  tuned  by  means  of  a  movable 
connection  to  such  a  length  that  the 
wattless  component  of  the  antenna  im¬ 
pedance  is  compensated.  Werner  Busch- 
beck,  Berlin;  to  Telefunken.  March  28, 
1941.  No.  2,278,531. 


GET  THE  COMPLETE  TECHNICAL 
RADIO  BACKGROUND 

most  in  demand 
today  under  this 
attractive  offer 


Here  is  a  library  of  books  that 
brings  you  advanced  radio  en¬ 
gineering  knowledge  in  the 
form  in  which  you  can  most 
readily  assimilate  it  and  put  it 
to  use.  The  books  were  care¬ 
fully  selected  from  among  stan¬ 
dard  McGraw-Hill  works  to 
give  the  most  complete,  funda¬ 
mental  coverage  possible,  in  a 
small  number  of  concise,  compact,  reasonably  priced  voliunes.  Use 
these  books  to  bridge  the  gap  between  your  own  radio  training  or  expe¬ 
rience  and  more  advanced,  engineering  command  of  the  subject — the 
genuinely  technical  knowledge  that  best  meets  today's  practical  needs. 


SAVE  OVER  10% 

in  adding  these 
standard  books 
to  your  library 


Multiple  Antenna.  Conductors  ar¬ 
ranged  with  their  length  parallel  to 
the  generatrix  of  the  surface  of  a  solid 
cone  of  revolution,  means  for  energiz¬ 
ing  the  conductors  at  their  most  closely 
adjacent  ends  and  terminating  the  con¬ 
ductors  at  the  other  ends  so  that  a 
traveling  wave  is  set  up  along  the  con¬ 
ductors  such  that  the  instantaneous 
phase  relationship  of  energy  in  the 
conductors  progressively  advances 
around  the  surface  whereby  a  rotating 
field  of  radiation  is  established.  W'il- 
helm  Peters,  Telefunken.  No.  2,278,560. 
Sept.  30,  1939. 

Repeater.  In  a  repeater  an  antenna 
including  a  wave  directive  structure  and 
means  for  eliminating  radiation  from 
the  edges  of  such  structure  including 
a  resonant  structure  tuned  to  offer  a 
high  impedance  to  the  operating  fre¬ 
quency  of  the  antenna  at  the  edge.  N. 
E.  Lindenblad,  RCA,  June  30,  1939. 
No.  2,281,196. 

Wave  Guide.  Antenna  comprising  at 
least  one  conducting  surface  and  serv¬ 
ing  as  transmitting  and  receiving 
antenna  and  a  conducting  tube  coup¬ 


The  New  .  .  . 

RADIO  TECHNICIANS'  LIBRARY 


Full  of  doflaitloM,  doscrlptiom, 
principles,  formulas,  data,  meth¬ 
ods,  applications,  etc.,  relating 
to: 

— fundamental  components  of  a  radio 
system 

—circuit  elements 

— fundamental  properties  of  vacuum 
tubes 

— thermionic  emission 
— plow,  and  arc-discharge  tubes 
— amplifiers 
— modulation 
— detection 

—electron  tube  instruments 
— rectifiers  and  filters 
—dynamo -electric  machinery  and  meters 
^ — storage  batteries 
— .-adio  transmitters 
— ultra-high-frequency  circuits 
—marine  transmitters 
-low-power  telephone  and  telegraph 
transmitters 
— radio  receivers 
— antennas 

— radio  aids  to  navigation 
— television 
— acoustics 

— control-room  equipment  and  operation 
-direct-current  electricity  and  magne¬ 
tism 

— alternating-currant  electricity 
— mathematics  for  electricians  and  la- 
diomen 
—etc.,  etc. 


comprised  of  these  4  volumes 


Terman's  FUNDAMENTALS  OF  RADIO 

Reich's  PRINCIPLES  OF  ELECTRON  TUBES 

Nilson  and  Hornung's  PRACTICAL  RADIO 
COMMUNICATION 

Cooke's  MATHEMATICS  FOR  ELECTRI¬ 
CIANS  AND  RADIOMEN 


2213  pages,  1332  illustrations 


In  two  of  these  books  widely-used  advanced  engi¬ 
neering  texts  have  been  abridged,  to  cover  the  most 
fundamental  aspects  of  tubes  and  circuits  and  their 
applications,  but  in  the  simplified  form  suited  to  intro¬ 
duce  the  man  of  limited  radio  and  electrical  training 
to  these  subjects.  Another  volume  further  applies  these 
fundamentals  to  practical  communication  apparatus, 
completing  a  view  of  radio  with  which  you  can  solve 
the  technical  problems  met  in  a  wide  variety  of  situa¬ 
tions.  The  fourth  book  gives  you,  at  the  same  time,  a 
progressive  command  of  the  radio  and  electrical  ma¬ 
thematics,  from  arithmetic  to  advanced  principles  neces¬ 
sary  in  using  the  formulas  and  computations  of  ad¬ 
vanced  technical  work. 


SPECIAL  LOW  PRICE 

EASY  INSTALLMENTS 


10  DAYS'  FREE  EXAMINATION 


ling  the  transmitter  and  receiver  to 
the  antenna,  the  receiver  and  trans¬ 
mitter  being  placed  inside  this  conduct¬ 
ing  tube.  W.  Dallenbach,  Berlin,  July 
12,  1938.  No.  2,281,274. 

Short  Wave  Antenna.  Antenna  for 
decimeter  wave  lengths  comprising 
several  radiator  systems  in  superposed 
relationship  spaced  a  distance  apart 
equal  to  a  multiple  of  the  wavelength 
and  mounted  above  ground  a  distance 
equal  to  a  large  multiple  of  the  spacing 


Bought  separately,  these  books 
would  total  $16.25  in  price.  Un¬ 
der  this  special  Library  Offer  you 
save  $1.75  of  this  amount,  get  all 
four  books  at  once,  and  pay  for 
them  over  an  extended  period. 
Get  these  advantages  by  deriding 
now  to  add  these  volumes  to  your 
radio  library.  Mail  coupon  today 
for  10  days’  free  examination. 


.McGraw-Hill  Book  Co.,  HHO  \V.  t’^nd  St..  N.  Y. 

Send  me  Radio  Technicians'  Library  for  10  days’  examination  on 
approval.  In  10  days  I  will  send  $2.50  plus  few  cents  postage, 
and  $3.00  monthly  until  $14.50  is  paid,  or  return  books  postpaid. 
(VVe  pay  postage  if  you  remit  with  first  installment.) 


Name 


Address 


City  and  State 


Position 


Company 


June  J942  — ELECTRONICS 


CRYSTALS  by 


The  Hipower  Cryelal  Company,  one  oi 
America's  oldest  and  largest  manufciC' 
turers  of  precision  crystal  units,  is  able 
to  otter  the  broadcaster  and  manniac 
turer  attractive  prices  because  ot  their 
large  production  and  the  exclusive 
Hipower  grinding  process.  Whatever 
your  crystal  need  may  be,  Hii>ower 
cun  supply  it.  Write  today  lor  lull 
intormation. 


HIPOWER  CRYSTAL  CO. 

Salts  Division — 205  W.  Wackcr  Drive,  Chicago 
Factory — 2035  Charleston  Street.  Chicago,  III. 


HARVEY  RADIO  CO 


NEW  YORK,  N.  Y, 


We  manufacture  a  complete  line  of  equipment 


SPOT  WELDEBS,  electric,  from  *4  to  500  KVA  AC  ARC 

TKAJ«SFOKMKR8.  st>eclsl  and  standard  types  WELDEBS 

INCANDESCENT  LAMP  manufacturing  equipment  From  100  to 
FLUORESCENT  TUBE  MAKING  EQUIPMENT  400  Amps. 
ELECTRONIC  EQUIPMENT,  vacuum  pumps,  etc. 

WET  GLASS  slicing  and  cutting  machines  for  laboratory  use 
GENERAL  GLASS  working  machines  and  burners 
COLLEGE  GLASS  working  units  for  students  and  laboratory 
EISLER  ENGINEERING  CO. 

751  So.  13th  St.  (near  Avon  Ave.) _ Newark.  New  iersey 


sitiiAi  s  leoieiiToi 

riLOT  LIGHTS 


MICROMETER 

FRCOUENCV 

^cTED  from  1.5  to  56  me., 

within  0.01  per  cent. 

LAMPKIN  LABORATORIES 

Bradenton.  Fla.,  U.  S.  A. 


WRITE  FOR  CATALOGUE  /  , 
showing  a  complete  line  of 
assemblies  for  all  purposes. 

SIGNAL  INDICATOR  Corp. 

140  CEDAR  ST.  NEW  YORK.  N.  Y. 


Manufacturers  of 
Radio  Transmitters 


ELECTRONIC  APPARATUS 

447  Concord  Ave.,  Cambridge,  Mass. 


FUSE  IIIBBO]\S 

»t  Tunf{Nl«*n  and  >lolvbdonum 

Molybdenum  in  widths  ,008"  to  1" 
in  thickness  to  .0005" 
Tungsten  Ribbon  to  specification 

B.  TBOSS 

15  Beckman  St.  New  York 


JC  mo  7 

hurry  • 

IN  STOCK  !  ! 
^  HARRISON  RADIO  CO. 

^  12  West  Broadway  e  New  York  City 

b  Phone  worth  2-6276 


Thor«l«rRon  •  Kenyon 
Stancor  •  U.T.C.  •  etc. 


Today  war  needs  have  caused 
an  increase  in  the  variety  ot 
speakers  we  manufacture. 

New  mounting  means  are  re¬ 
quired  on  every  Army  &  Navy 
specification. 

Our  engineering  department  is 
well  equipped  to  handle  your  spe¬ 
cial  problems  in  time  to  have 
them  ready  "yesterday". 


Ouick  ANSWERS 


SEARCHLIGHT 

(Classified  Advertising) 

SECTIONS 
are  found  in  these 
McGRAW-HILL 
Publications 


to  your  biisifivss  prohletns. . . 

Miscellaneous  business  problems  are  daily  be¬ 
ing  solved  quickly  and  easily  by  the  use  of  the 
Searchlight  Section  of  this  and  other  McGraw-Hill 
publications. 

The  Searchlight  Section  is  classified  advertising; 
you  can  use  it  at  small  cost,  to  announce  all  kinds  of 
business  wants  of  interest  to  other  men  in  the  felds 
served  by  these  publications.  It  is  the  regular  meet¬ 
ing  place  of  the  man  with  business  needs  and  the 
men  who  can  fll  those  needs. 

When  you  want  additional  employees,  want  to  buy 
or  sell  used  or  surplus  new  equipment,  want  addi¬ 
tional  products  to  manufacture,  seek  additional  capi¬ 
tal,  or  have  other  business  wants — advertise  them  in 
the  Searchlight  Section  for  quick,  proftable  resubs! 
Dtpartmtnfa!  Sfaff 

McGRAW-HILL  PUBLISHING  CO.,  INC. 

330  West  42nd  Street,  New  York  City 


American  Machinist 

Aviation 

Business  Week 

Bus  Transportation 

Chemical  and  Met.  Engineering 

Coal  Age 

Construction  Methods 
Electrical  Contracting 
Electrical  Merchandising 
Electrical  World 
Electronics 

Engineering  A  Mining  Jour. 
Engineering  News- Record 
E.  A  M.  J.  Markets 
Factory  Man.  A  Maintenance 
Food  Industries 
Power 

Product  Engineering 
Textile  World 
Transit  Journal 


UNIVERSITY  LABORATORIES 

208-225  Varick  St.  N.  Y.  C 


ELECTRON  TUBE  MACHINERY 


of  nrf'TV  fjvriF. — Mtnndartt.  anil  sprnni  itrxinn 
K.Mil.K  KNGINKKKING  CtlMU.k.NY 
Specialists  in  Eiiuipiiicnt  for  the  Manufacture  of 
Radio  Tubes.  Cathode  Ra>  Tulles.  Fluorescent 
Lamps,  Incandcsient  Limps.  Neon  TuIh‘s.  Photo 
Cells.  X-Rav  Tillies  and  other  glass  or  electronic 
products,  on  production  or  laboratory  liasis. 
i:i07-l:l(M)  Seventh  St.,  North  Bergen.  N.  >1. 
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between  the  systems,  the  systems  being 
energized  in  an  opposing  phase  relation¬ 
ship.  W.  Ilberg,  Telefunken,  April  12. 
1941.  No.  2,280,235. 


ervices 


Antenna.  A  short  wave  antenna 
comprising  a  pair  of  L-shaped  con- 


STANLEY  D.  EILENBERGER 

Consulting  Engineer 

Complete  Oeneral  Electronics 
Laboratory  Communications 

and  Shop  Electro  Biology 

Faclltles  Patent  Development 
6309  27th  Are.  Kenooha,  V 


Special  Instruments.  Euuipment  and  Methods  to 
control  gauging,  welding,  bating,  communlcatlon.s. 
signaling,  safety,  inspection,  color  and  testing. 
Quality  control  and  cost  reduction  for  mechanical, 
electrical,  metallurgical  and  chemical  industries. 
Rockefeller  Center  New  York  City 

Telephone  Circle  6-8494 


ductors  like  the  illustration.  De  Witt 
R.  Goddard,  Nov.  26,  1938.  No.  2,281,- 
429. 


TELEVISION 


HAROLD  j.  McCreary 

Mem.  A.I.E.E.  A  W.S.E. 

Consu/flng  Englnenr 

Laboratory  Facilities 
Research  Electronics 

Development  Television 

Design  Radio 

Factory  Practice  Railroads  Signaling 
I’atent  Studies  Telephony 

105  W.  Adams  St.  Phone  STate  4003  Chicago.  III. 


Receiving  System.  A  picture  scanned 
sequentially  at  a  certain  frame  fre¬ 
quency,  the  receiver  comprising  a  cath¬ 
ode-ray  set-up  for  reproducing  the  pic¬ 
ture  and  a  second  cathode  ray  for  re¬ 
producing  the  picture  in  superimposed 
relation  to  the  first  picture  utilizing  a 
picture  storage  tube  comprising  a 
double-sided  mosaic.  G.  L.  Beers,  RCA. 
Feb.  23,  1940.  No.  2,273,172. 


A  BETTER  JOB  with  increased  pay 
is  within  the  grasp  of  every  radio¬ 
man  who  has  the  ambition  and 
courage  to  start  training  now  for 
greater  efficiency  today  and 
security  tomorrow. 

You  realize,  of  course,  the  tremendous  oppor¬ 
tunities  that  exist  in  radio  today.  You  must 
be  aware  of  the  unprecedented  demand  for 
highly  qualified,  technically  trained  radiomen. 
But.  only  the  BETTER  jobs  are  open  to  such 
men! 

— If  you  now  hold  a  commonplace  job  in 
radio  .  .  . 

— If  you  hold  a  iemporary  job  today  and 
long  for  a  permanent  job  for  the  future 

, — If  you  have  the  ambition  and  desire  to 
hold  a  position  of  responsibility  with 
higher  pay  .  .  . 

.  .  .  then  a  CREI  home  study  course  in  Prac¬ 
tical  Radio  Engineering  will  help  you  to  ac¬ 
quire  the  necessary  technical  knowledge  and 
ability  which  is  demanded  by  the  better, 
higher-paying  positions  in  technical  radio. 

For  more  than  15  years  the  high  calibre  of 
CREI  training  has  been  recognized  by  engi¬ 
neers  as  worthwhile  training  at  a  cost  within 
the  reach  of  every  radioman.  That's  why  CREI 
has  always  been  proud  to  say,  "Ask  any  Radio 
Engineer!" 

These  facts  are  important  to  /  ' 

you — and  to  every  man  who  is  /  / 

seeking  advancement  in  his  /  / 

chosen  profession.  We  will  be  I 

pleased  to  send  you  our  cata- 

log  and  pertinent  facts  upon 

request. 


JOSEPH  RAZEK,  PH.D. 

Consulting  Physicist 

Electrical  and  Mechanical  Engineering  Problems 
Instruments  and  Control  Devices  Electronics 
Specialist  in  Colorimetry,  Spectopbotometry  and 
Industrial  Color  Control 
Laboratory  and  Shop  Facilities 
430  Greenvlew  Ldine  L.lanerch,  Pa. 


Electron  Image  Amplifier.  An  aper- 
tured  insulated  grid  and  a  means  to 
project  a  flood  of  electrons  through  the 
grid,  means  to  produce  on  the  grid  elec¬ 
trostatic  charges  representative  of  a 
picture  and  a  target  element  located  on 
the  side  of  the  apertured  g^'id  opposite 
the  source  of  electrons.  P.  T.  Farns¬ 
worth,  July  6, 1937.  Re-issue  No.  22,009. 


J.  ALBERT  STOBBE 


Consultant 

Electronics  and  Communications 
63  Wall  Street  New  York  C 


Projection  System.  The  target  area 
in  a  cathode-ray  tube  is  scanned  elec¬ 
trically  and  cyclically  with  a  modulated 
beam  of  electrons  at  a  predetermined 
rate.  Polarized  light  is  intermittently 
projected  against  the  unscanned  sur¬ 
face  of  the  target,  the  intermittent  rate 
of  projection  being  greater  than  the 
scanning  rate  and  bearing  a  whole  num- 


Now  Availabl 

U-H-F 

TECHNIQUE 


The  demand  for  extra  copies  of  the 
U-H-F  TECHNIQUE  Seaion  of  April 
ELECTRONICS  has  been  so  great  that 
we  have  put  it  in  covers,  now  available 
in  any  quantity. 

Already  many  copies  have  gone  to 
schools  and  colleges,  to  Government  de¬ 
partments — ^wherever  the  need  for  con¬ 
centrated  theoretical  and  practical  mate¬ 
rial  on  this  vitally  important  subject 
exists. 

Contents: — 

1.  Radiating  Systems  and  Wave  Propa¬ 
gation 

2.  Generators  for  U-H-F  Waves 

3.  U-H-F  Reception  and  Receivers 

4.  Wide  Band  Amplifiers  and  Frequency 
Multiplication 

5.  Measurements  in  the  U-H-F  Spectrum 

PRICES:  1-25  copies,  50<  each;  more 
than  25  copies,  35<  each.  Please 
send  cash  if  25  copies  or  less. 


KKMIZrO' 

inttr 


Capitol  Radio 

ENf^lNEERlNfe  INSTITUTE 

E.  H.  RIETZKE.  Pretident 
Hume  Study  Courtet  4n  Praetieal  Radio 
Engineering  for  Profeseional  Self-Improvement 

Dept.  E.6,  3224  — 16th  Street,  N.W. 
WASHINGTON,  D.  C. 

Contractors  to  the  U.  S.  Signal  Cori>s — U.  S.  Coast  Guard 
Producers  of  Well -trained  Tech¬ 
nical  Radiomen  for  Industry 


ber  ratio  with  respect  thereto.  Means 
including  a  projection  lens  for  directing 
the  light  reflected  from  the  target  upon 
an  observation  screen.  Manfred  von 
Ardenne,  Berlin.  March  18,  1940.  No. 
2,276,750.  See  also  Nos.  2,277,007- 
2,277,008,  inclusive  on  projection  appa¬ 
ratus,  also  to  von  Ardenne. 


Editorial  Department 

ELECTRONICS 
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RADIO  CO 


212  FULTON  ST. 
NEW  YORK.  N.  Y 


PANORAMIC  RADIO  CORP. 

242-250  VV.  55th  ST.,  NEW  YORK  CITY 

Phone:  Circle  6-9440  Cable:  Panoramic.  NewYork 


Supersonic  System.  A  supersonic 
wave  light  modulating  device  and  a 
light  source  for  illuminating  the  device 
plus  means  for  applying  picture  signals 
to  produce  in  this  device  a  train  of  mov¬ 
ing  supersonic  waves  modulated  in 
amplitude  in  accordance  with  the  sig¬ 
nals  with  means  for  forming  optical  and 
electron  images.  A.  H.  Rosenthal,  New 
York.  No.  2,270,232.  Jan.  12,  1939. 


PURCHASING  AGENTS 
and  ENGINEERS! 


nun . . .  you  can  secure 
the  mathematical 
background  you  need 

for  the  solving  of  everyday 
electrical  and  radio  problems 

Radiomen  and  electricians  know  that 
the  language  and  the  habit  of  mathe¬ 
matics  are  essential  to  them  for  real 
grasp  of,  and  progress  in  their  chosen 
field.  They  know  that  mathematics  is  a 
tool  for  them  that  they  are  helpless 
without. 

Now  out  of  the  U.  S.  Navy  Radio 
Materiel  School  at  Anacostia  Station 
comes  a  complete  home-study  textbook 
that  is  so  thorough,  so  careful  in  its 
explanations,  so  detailed  in  its  exam¬ 
ples  that  any  reader  “who  can  perform 
arithmetical  computations  rapidly  and 
accurately  is  capable  of  mastering  the 
principles  laid  down  in  this  text. 


*  HERE  IS  YOUR  COMPLETE  * 

Source  of  Supply 

for  ALL  STANDARD 

RADIO  PARTS 

and  ELECTRONIC  EQUIPMENT 


Television  and  Cathode-ray 
Circuits 

Signal  Producing  System.  In  a  tele¬ 
vision  system,  a  cathode-ray  image- 
reproducing  tube  having  an  apertured 
grid  with  one  surface  of  dielectric  ma¬ 
terial  and  an  opposite  surface  of 
secondary  electron-emissive  material. 
The  surface  is  scanned  with  a  signal- 
modulated  beam  to  produce  a  charge 
image  on  the  surface,  and  upon  the 
other  surface  of  the  grid  is  directed  an 
electron  stream  for  developing  a  source 
of  low  voltage  electrons  of  uniform 
density  and  of  a  cross-sectional  area 
comparable  to  the  area  of  the  grid. 
Means  for  physically  blocking  the 
direct  path  of  electrons  of  the  stream 
through  the  grid,  whereby  the  density 
of  the  electron  stream  through  the 
grid  is  space-modulated  by  the  charge 
image  on  one  surface,  and  means  for 
utilizing  the  modulated  electron  stream 
to  produce  a  visible  image.  R.  C. 
Hergenrother,  Hazeltine  Corp.,  Sept. 
30,  1939.  No.  2.280,191. 


GREATEST  STOCK  El'ER 
IN  RADIO  HISTORY.' 

CONDENSERS  •  RESISTORS 
TUBES  •  METERS  •  TRANSFORMERS 
SWITCHES  •  RELAYS  •  WIRE 
TEST  INSTRUMENTS 
PLUGS  •  JACKS  •  PANELS,  etc. 
Write  us  for  complete  Information  on  any 
.standard  nationally-advertised  product. 


WE  HAVE  A  LIMITED  SUPPLY  OF 

TUBES 

R  C.A.  •  G.E.  •  GAMMATRON 
TAYLOR  •  EIMAC  •  HYTRON 
RAYTHEON  •  SYLVANIA 

It  !•  quite  possible  that  the  tubes  you  ur¬ 
gently  require  may  be  right  here  in  our 
stock.  Drop  us  a  line  or  phone  us.  We  shall 
be  glad  to  fill  all  priority  orders  to  the  best 
of  our  ability. 


For  IMMEDIATE  SERVICE 
Telephon*  BArclay-7-1840 
Setc  York’t  Oldttt  Radio  Suppln  Route 


PANORAMIC  RADIO 

Heterodyne  Spectroscopes 


By  NELSON  M.  COOKE 

Chiaf  Radio  EUctrician,  U.  S.  Navy 
Mambar,  Instituta  of  Radio  Enqinaari 
604  pages,  6x9,  $4.00 


Ideal 

for 

Fast 

accurate 


Thla  book  teaches  you  mathematics  from 
elementary  algebra  through  quadratic  equa¬ 
tions.  logarithms,  trigonometry,  plane  vectors 
and  elementary  vector  algebra  with  direct  ap¬ 
plications  to  electrical  and  radio  problems.  It 
teaches  you  how  to  apply  this  mathematical 
knowledge  In  the  solutions  of  radio  and  circuit 
problems.  In  other  words.  It  gives  you  the 
grasp  of  mathematics  you  need  and  then  shows 
you  how  to  use  your  knowledge. 

Keep  these  S  points  In  mind 

•  live*  you  600  illuttrative  your  work; 

■rcklemt  worked  out  In 

ditall:  *  baud  on  more  than  8 

year*'  oxsorltnco  ttseh- 
e  livM  over  3000  prob-  Ing  mathomatici  to  U. 

loBi*  for  gractieo,  with  S.  Navy  olectrlcian*  and 

antwor*  m  you  can  chock  radio  oporator*. 

•••■10  DAYS’  FREE  EXAMINATION  •••': 

•  McGraw-Hill  Book  Cs.,  330  W.  42nd  St..  New  York  ! 

■  Send  me  Cooke's  Mathematics  for  Electricians  and  ! 

■  Radiomen  for  10  days'  examination  on  approval.  In  ■ 
J  10  days  I  will  send  you  $4.00  plus  few  cents  postage.  • 

■  or  return  book  postpaid.  (We  pay  postage  If  re-  ■ 

s  mlttance  accompanies  order.)  2 


Transmitter 

TESTING  AND 
MONITORING 


CRYSTAL 

TESTING 


•  Quicker  visual  indicafion  of  frequency 
of  crystal  under  fesf. 

•  Shows  50  kc  fo  xero  beat  on  either 
side  of  zero. 

•  Indicates  crystal  activity  and  fre¬ 
quency  simultaneously. 

•  Indicates  spurious  response. 

•  Compares  MANY  crystals  simultane¬ 
ously. 

•  Automatically  Indicates  multiple  crys¬ 
tal  behavior  under  temperature  run. 


Gives  continuous  visual  indication  of: 

•  All,  sidebands  of  transmitter,  on  cali¬ 
brated  frequency  scale. 

•  Mid-frequency  and  drift. 

•  Percentage  modulation. 

•  Residual  amplitude  modulation. 

•  Modulation  distortion. 

•  Spurious  responses. 

Sideband  Resolution  adjustable  1.5  kc  to  5  kc. 
Available  in  universal  or  specific  frequency 
ranges. 


Name 


Registered  in  U.  S.  Patent  Ofllce 


Address 


Canadian  Rep. 
CANADA  MARCONI 
CO.  LTD.. 
Montreal.  Canada 


City  and  State. 


Write  for  Free  Bulletin 
of  Information 


Position 


Company 
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Electron  Device.  An  electrical  coi- 
denser  comprising  conducting  elements 
separated  by  an  insulating  gap,  and  an 
electron  beam  normally  separated  from 
contact  with  the  gap  and  at  times 
moving  the  beam  to  such  a  position  as 
to  render  the  gap  conductive.  V.  K. 
Zworykin,  WE&M  Co.,  Nov.  26,  1938, 
No.  2,280,877. 


Synchronizing-Signal  System.  In  a 
synchronizing-signal  separating  appa¬ 
ratus  energized  by  a  composite  signal 
including  line-synchronizing  and  field¬ 
synchronizing  pulses  for  each  field- 
underlap  interval  of  the  same  polarity 
as,  by  having  a  greater  duration  than 
the  line-synchronizing  pulses,  an  inte¬ 
grating  circuit  responsive  to  a  prede¬ 
termined  one  of  the  field-synchronizing 
pulses  of  each  field-underlap  interval 
and  unresponsive  to  the  line-synchroniz¬ 
ing  pulses  means  for  deriving  a  sensi¬ 
tizing  signal  initiating  at  the  trailing 
edge  of  each  predetermined  field¬ 
synchronizing  pulses,  plus  means 
responsive  jointly  to  the  sensitizing 
signal  and  to  the  field-synchronizing 
pulse  for  deriving  a  control  signal.  J. 
C.  Wilson,  Hazeltine  Corp.,  July  13, 
1940.  No.  2,280,181. 


Scanning  System.  A  cathode-ray 
beam  scans  a  picture  field,  means  for 
deflecting  the  beam  in  two  directions, 
a  high  frequency  oscillator  supplying 
one  of  the  deflecting  elements,  a  low 
frequency  oscillator  supplying  the  other 
of  the  deflecting  elements,  said  oscil- 


AIJDAX 


RELAYED-FLIJA 

MicrodTne 


Generator.  System  for  producing 
deflection  voltage  variations  for  a  mag¬ 
netically  deflected  cathode-ray  beam 
having  saw-tooth  wave  characteristics. 
E.  L.  C.  White,  E&MI,  Ltd.,  May  15, 
1940.  No.  2,280,990. 


'The  Standard  hy  Wkirh  Other* 
Are  Sadyed  and  Valued" 


•I  UST  as  ability  to  reach  high  “C”  does 
not  mean  a  quality  voice, — so  wide 
range  by  itself,  in  a  pickup,  does  not 
mean  ipiality  performance.  It  is  the 
all-important  factor  of  ^WIBRATORY- 
MOMENTUM*'  that  determines  quality. 
Not  only  does  V-M  control  quality,  but 
is  also  a  serious  factor  in  record  wear. 
Needle  pressure,  needle  impedance, 
etc.,  are  comparatively  secondary. 


Oscillator  Drift  Compensation.  In 
combination  with  a  resonant  circuit 
varying  in  frequency  by  virtue  of 
temperature  effect  on  the  circuit  react¬ 
ance  and  an  electron  tube  having  a 
cathode  and  two  cold  electrodes,  an 
alternating  voltage  is  applied  across 
the  circuit  between  the  cathode  and  one 
electrode  and  a  phase  shifter  connected 
with  the  other  cold  electrode  develops 


lators  having  commensurable  frequen¬ 
cies,  means  for  interlocking  the  fre¬ 
quencies,  with  an  additional  oscillator 
operating  at  a  frequency  lower  than 
the  said  low  frequency  oscillator  con¬ 
nected  to  the  output  of  the  low  fre¬ 
quency  oscillator.  P.  T.  Farnsworth, 
1934.  No.  2,280,572. 


Negative  Transconductance  Device. 
Two  stages  having  a  common  source  of 
anode  voltage,  control  means  connected 
to  the  grid  of  the  first  stage,  and  a 
direct  connection  from  the  grid  of  the 
second  stage  to  a  junction  between  the 
load  resistor  and  the  source  of  voltage. 
W.  B.  Roberts,  RCA,  Dec.  20,  1939.  No. 
2,280,987. 


The  sharp  clean-cut  facsimile  perform¬ 
ance  of  MICRODYNE — regardless  of 
climatic  conditions — is  a  marvel  to  all 
who  have  put  it  to  the  only  test  that 
really  counts  .  .  .  the  EAR  test.  .  .  .  All 
this  bears  out  the  contention  of  leading 
scientists  that  only  the  INDUCTOR 
PRINCIPLE  makes  possible  high  cpiality 
results — and  that  means  MICRODYNE. 


'tigCATtvt  reMP€«fAnme 


from  this  voltage  a  second  voltage  in 
phase  quadrature  with  the  first.  The 
phase  shifter  includes  a  reactive  element 
has  a  temperature  coefficient  of  prede¬ 
termined  signal  so  related  to  the  mutual 
conductance  of  the  tube  that  a  reactive 
effect  is  produced  between  one  elec¬ 
trode  and  cathode  which  has  a  tem¬ 
perature  coefficient  compensating  fre¬ 
quency  variation.  C.  N.  Kimball,  RCA. 
No.  2,280,527,  Sept.  7,  1940. 


Response  Adjustment.  A  multi-sec¬ 
tion  filter  having  a  rising  frequency 
response  characteristic,  and  a  load  cir¬ 
cuit  having  a  response  characteristic 
complementary  to  the  filter  response 
connected  intermediate  to  the  ends  of 
the  filter.  D.  E.  Foster,  RCA,  June  29, 
1940.  No.  2,280,695. 


WITH  OIR  COMPLIMENTS 

A  copy  of  “PICKUP  FACTS”  is  yours 
for  the  asking.  It  answers  many  ques¬ 
tions  concerning  record  reproduction. 


Pickup  List  Priccii 

S14-S0  to  $198.00 

HIGH  FIDELITY  CITTERN 
List  to  $150.00 


Mix  with  REMLER  Silver  Tap 

I - ATTENUATORS - 1 


Enjoy  the  fool  of  solf-cUan- 
ing  pure  silver  on  silvor,  ball 
bearings  front  and  rear,  pre¬ 
cision  machined  in  every  de¬ 
tail.  It's  smooth.  And  those 
are  the  factors  that  make 
the  REMLER  silver  ettenu- 
etor  QUIET — so  quiet  you 
can  operate  it  in  a  low-level 
circuit  in  perfect  ease  and 
comfort.  Standard  imped¬ 
ances.  Special  values  to 
order. 

REMLER  COMPANY,  Ltd.  •  19th  at  Bryant  •  SAN  FRANCISCO 


If  your  dealer  is  unable  to 
Hupply  the  Atierodyae  you 
iranf,  you  may  order  direct 
Irom  UM. 


Silver  Cosuct  Peisis 


Btl-6««rii>fl  Rotor  Sholl 


Oodi  Spri«s  PifUil  CoMioclion 


AEDAK  COMPAIVY 

500  Fifth  Avenue  New  York  City 

[In  Chicago,  'phone:  Webster  4840] 

“Creators  of  High  Grade  Electrical 
and  Acoustical  Apparatus  since  1915“ 


Silver  Tipped  Costed  Arm 


Write  for  full  details, 
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